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There is a need for accurate predictions of the effects of climate change on wildlife populations.
Bioclimatic relationships however are potentially complicated by various environmental factors
operating at multiple spatial and temporal scales. Therefore, in order to test the hypothesis that
climate constraints of winter bird distributions are modified by species-specific responses to
weather and climate, I relied on Christmas Bird Count data (CBC). With nearly 100 years of
data, the CBC is a valuable source of information on historic and recent changes in the status and
distribution of birds during the early winter period in the United States and Canada. The first
chapter is a regional study that asked whether seasonal weather fluctuations and/or a warming
climate indicative of the supposed increase in December presence of seven neotropical migrant
landbirds near the northern edge of their winter ranges. CBC data and historical weather data
from the U.S. Historical Climatology Network (USHCN) were analyzed to confirm the
northward shift in average abundance over time among species near the northern limits of their
winter ranges. I determined whether there was a strong temporal autocorrelation and/or linear
relationship of December bird abundance consistent across species near the northern limits of
their ranges and found strong evidence in support of the hypothesis that the migratory behavior
of many bird populations has recently changed in response to climate warming. In addition, the
effects of localized, short-term weather variations due to climate change proved to be just as, if
not more important as the long-term global warming trend on the distribution of these wintering
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bird populations. In the second chapter, Christmas Bird Count-style counts conducted in
November, December and February on Block Island, Rhode Island across eighteen winters (1995
– 2013) were used to describe long-term trends in the species abundance and diversity of 103
species of landbirds on Block Island, as well as subsets of species defined by migratory status
and expected geographic distribution. The objectives were to determine what the eighteen-year
trends in composition and occurrence of landbirds on Block Island across the winter season
were; establish whether there was any evidence of changes in phenology and migration strategy
in the migratory species as witnessed by increasing numbers in abundance and diversity in
November and December; ascertain if the data supported evidence of multiple species shifting
their non-breeding ranges to higher latitudes; and figure out what the long-term trends in the
actual landbird winter populations on Block Island can tell us about fluctuations in local weather
patterns leading to range shifts and demographic changes in a number of migratory species. The
third chapter, focused on the observed range shifts and demographic changes in a subset of
migratory landbirds referred to as Half-Hardies. This group of species increased on Block Island
between November and December, although southern New England is at, or near, the northern
limit of their normal winter distributions and stereotyped southbound migration is typically
expected to have been completed well before mid-November. In addition, the body
measurements of, and hydrogen isotope concentrations of the feathers of two half-hardy species
wintering within Sandy Hook National Park in New Jersey, provided evidence of facultative,
post-migratory movements among this subset of landbird species. I confidently concluded that
many of the Half-Hardies present in the Northeast during the winter months are not “passive
victims”, i.e. simply injured, diseased, or otherwise unfit individuals but are in fact adaptively
exploiting a new resource and are benefitting by avoiding the cost of long distance migration
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while gaining an advantage by remaining closer to the breeding grounds. In addition, my results
support the distinction between late migrants and half-hardy wintering species in northeastern
North America while disproving the notion that the early-winter timing of CBCs exposes them to
the presence of lingering southbound migrants. The fourth and last chapter took a look at some of
the other criticisms of the Christmas Bird Count data. I described the correlations and linear
relationships between warmer temperatures and lighter winds with the number of observers and
foot miles covered; and the total number of landbirds observed. Although there was a strong
correlation between wind speed on count day and the number of birds observed on that count, the
loss of detections, i.e. the inability to detect birds at longer distances as the wind increases, was
not significantly relevant, and the difference in the variations tended to even out. My results
support that statistical analyses of CBC data are a powerful tool for the study of birds on a local
level, and concludes that the CBC is a valuable source of information on historic and recent
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INTRODUCTION
CLIMATE CHANGE EFFECTS ON LANDBIRDS
Since 1970, temperatures across the northeastern United States have warmed 0.25°C per decade
(Dukes et al. 2009). This warming has been accompanied by a wide range of biological changes,
suggesting that the region’s biota are already responding to climate change (Hayhoe et al. 2007).
Simulations using global-scale climate models have generally underestimated the magnitude of
observed trends in the northeast, implying that the regional processes may have enhanced
warming trends and that global-scale models do not accurately capture these processes (Dukes et
al. 2009, Hayhoe et al. 2007). Using observed regional climate relationships to adjust the output
of nine global-scale climate models, Hayhoe et al. (2007) developed projections for the future
climate of northeastern North America. Results suggest that by 2070 – 2099, the northeast will
see increases in average annual surface temperature of 2.9 – 5.3°C relative to 1961 – 1990
(Figure 1). As mean temperature increases, the distribution of daily temperatures is also
projected to shift toward the warmer end of the spectrum, increasing the frequency of days that
fall above high-temperature thresholds and decreasing the frequency of days that fall below cold
temperature thresholds (DeGaetano and Allen 2002). Winter precipitation is projected to increase
by 10-15%, consistent with recent observed trends (Dukes et al. 2009). Overall summer
precipitation is projected to change little or decrease; however, it is likely that variability in the
timing of rain events will lead to an increased frequency of midterm and severe drought (Dukes
et al. 2009).
Using observed regional climate relationships to adjust the output of nine global-scale climate
models, Hayhoe et al. (2007) developed projections for the future climate of northeastern North
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America. Results suggest that by 2070 – 2099, the northeast will see increases in average annual
surface temperature of 2.9 – 5.3°C relative to 1961 – 1990 (Figure 1). As mean temperature
increases, the distribution of daily temperatures is also projected to shift toward the warmer end
of the spectrum, increasing the frequency of days that fall above high-temperature thresholds and
decreasing the frequency of days that fall below cold temperature thresholds (DeGaetano and
Allen 2002). Winter precipitation is projected to increase by 10-15%, consistent with recent
observed trends (Dukes et al. 2009). Overall summer precipitation is projected to change little or
decrease; however, it is likely that variability in the timing of rain events will lead to an
increased frequency of midterm and severe drought (Dukes et al. 2009).
Recent and predicted changes in temperature and precipitation have spurred significant interest
in documenting and predicting ecological responses to climate change, with increased reliance
on citizen science projects (Dickinson et al. 2002), such as the Christmas Bird Count (CBC)
(Canterbury 2002, Repasky 1991, Root 1988). Large, spatial data sets with long time series are
rare, even for birds, and have proven crucial for studying the role of ongoing climate change in
driving shifts in species ranges (Thomas and Lennon 1999), the onset of egg laying (Winkler et
al. 2002), and migratory timing (Hüppop and Hüppop 2003). Evidence suggests that both
summer (Jiguet et al. 2006) and winter (Root 1988, Meehan et al. 2004) distributions of birds are
directly affected by their thermal environments. Therefore, urbanization and its environmental
consequences along with climate change will lead to increased risk exposure and vulnerabilities
for many species. Understanding urbanization, climate change risk, and vulnerability distribution
(Rosenzweig et al. 2010; Romero Lankao and Qin 2011; Seto and Satterthwaite 2010; Güneralp
and Seto 2008) is critical for effectively predicting the extent to which individual species will
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react to changes in local conditions. Migrant landbirds are expected to respond to the complex
interactions between climate change and urbanization with phenotypic plasticity and consequent
range shifts.
Phenotypic Plasticity
Range shifts are most probably taking place between generations rather than within, and can lead
to the colonization of new sites and local expiration at others (Schaefer et al. 2007).
Alternatively, species can respond by phenotypic adaption, either as result of true evolutionary
change or as a result of phenotypic plasticity (Holt 1990, Bradshaw and Holzapfel 2006).
Phenotypic plasticity is the capacity of a single genotype to exhibit variable phenotypes in
different environments (Whitman and Agrawal 2009). All plasticity is physiological, but can
manifest as changes in biochemistry, physiology, morphology, behavior, or life history.
Phenotypic plasticity can be passive, anticipatory, instantaneous, delayed, continuous, discrete,
permanent, reversible, beneficial, harmful, adaptive or non-adaptive, and generational. Virtually
any abiotic or biotic factor can serve to induce plasticity, and resulting changes vary from
harmful susceptibilities to highly integrated and adaptive alternative phenotypes (Whitman and
Agrawal 2009).
Both long- (trans-Saharan) and short-distance migrants showed advancing autumnal departure
dates based on a 42-year study in Western Europe, but the effect was smallest for short-distance
migrants wintering north of the Sahara (Jenni and Kery 2003). In Europe and North America,
migratory arrival times appear variously tied to cycles of the North Atlantic Oscillation (NAO),
the El Niño Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), and local
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temperatures (Dickinson et al. 2002), Hüppop and Hüppop 2003, Macmynowski et al. 2007). In
regions of North America that have not experienced warming, arrival times have not shifted,
although timing and speed of migration appear plastic and change with weather encountered en
route (Marra et al. 2005). Smith and Paton investigated long-term trends in mean autumn capture
dates of 19 species of migratory passerines including eleven long-distance migrants and eight
short-distance migrants. They found that the mean capture dates of seven species were
significantly delayed by an average of 3.0 days per decade; and 38% of long-distance migrants
and 50% of short-distance migrants studied significantly delayed migration. Their analysis
suggests that some migratory bird species are now departing the region later than in the 1960s.
Important differences among species and regions are likely to influence species-specific
responses to changes in climate patterns (Smith and Paton 2011).
Phenotypic plasticity may be an important mechanism underlying recently observed phenotypic
changes (Pulido and Berthold 2010, Gienapp et al. 2007, Gienapp et al. 2008, Hendry et al. 2008,
Teplitsky et al. 2008). However, the phenotypic response of the individuals of a population may
become maladaptive if directional environmental changes exceed certain limits or if the
environmental cues triggering phenotypic changes lose their predictive value (Schlaepfer et al.
2002). In such a situation, phenotypic plasticity will need to evolve and the capacity for
evolutionary change will be pivotal for the long-term survival of populations (Berteaux et al.
2004, Visser 2008, Pulido 2004, Stockwell and Kinnison 2003). To date there are only a few
studies that have conclusively demonstrated adaptive evolution in response to the recent changes
in climatic conditions (Schlaepfer et al. 2008). The strength of the response varies among
populations and species (Visser et al. 2009, Rubolini et al. 2007, Vegvari et al. 2010).
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Differences in the ability to adjust to phenological changes at the breeding sites have been
attributed, in part, to variation in migration distance and to the divergence of temperature
changes at the breeding and wintering sites (Jones and Cresswell 2010). Those populations that
have not sufficiently adjusted to the altered conditions, or have not responded at all, have
suffered declines (Both et al. 2006, and Moller et al. 2008).
In partially migratory populations, adaptive evolution of migration distance or the proportion of
migrants is expected to be very fast as the response to selection on these traits is reinforced by
high, favorable genetic correlations (Pulido et al. 1996, Berthold 1999, Pulido 2007). It has been
predicted that completely migratory populations may become partially migratory, which may
increase their evolutionary response if mean migratory activity decreases, e.g., as a response to
selection for shorter migration distance (Pulido et al. 1996, Pulido 2007). Although this process
may constitute an important mechanism for migratory birds to adjust migration to rapid
environmental changes, it was not tested until now.
Population Range Shifts
In response to warming, populations should shift poleward and toward higher in elevation, with
the most dramatic shifts occurring along range boundaries (Dickinson et al. 2002). Thomas and
Lennon (1999) analyzed Britain’s two breeding bird atlases (1968–1972 and 1988–1991) and
found shifts in the northern range margins of 59 southerly species, concluding that climate
change was the most likely explanation. These shifts were unidirectional and not matched by
shifts in the southern range boundaries of northerly bird species. In Finland, Brommer (2004,
2008) found similar patterns and also suggested that shifts were larger for small-bodied and
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wetland birds. Northward range shifts have been documented for waders in Western Europe
(Charadrii) (Maclean et al. 2008) as well as wintering and breeding birds in North America
(Butler et al. 2007, Hitch and Leberg 2006, La Sorte et al. 2009, La Sorte and Thompson 2007).
Since the 1930s, half of 24 bird species banded in the Netherlands, mostly short-distant migrants,
have gradually begun to winter closer to their breeding grounds (Visser et al. 2009). Citizen
science data have been critical for documenting northward range shifts for numerous taxa across
the world, providing some of the strongest evidence that species are responding to recent climate
change (Hickling et al. 2006, Parmesan and Yohe 2003, Walther et al. 2002).
HYPOTHESIS
Ecologists have long been interested in the role of climate in shaping species’ ranges, and in
recent years, this relationship has taken on greater significance because of the need for accurate
predictions of the vulnerability of wildlife species to urbanization and climate change.
Bioclimatic relationships are complicated by various environmental factors operating at multiple
spatial and temporal scales. All four chapters of this dissertation tested a facet of the hypothesis
that migrant landbird distributions are being modified by species-specific responses to changing
environmental conditions based upon specifies specific constraints to weather and climate.
Several modeling methods were applied to quantify the effects of short-term weather patterns on
the probability of detection of landbirds, as well as subsets defined by migratory status and
expected geographic distribution. The models were also used to determine the effect of long-term
climate trends on the distribution, abundance and diversity of landbird populations. The results
were used to conclude how fine-scale changes in weather and climate effect the distribution and




Sandy Hook National Park (Gateway National Recreation Area), New Jersey
Sandy Hook National Park is a club-shaped, 15-kilometer (9-mile) sand spit extending north
from the New Jersey mainland into New York Harbor (Figure 2). The peninsula divides the open
ocean of the New York Bight Apex to the east from the shallow, protected bays (Sandy Hook
Bay and Raritan Bay) to the west. Sandy Hook is extremely narrow at its southern end and
gradually widens to an average width of about 900 meters (3,000 feet) at the northern end
(Figure 3). At the northern end of the spit, there is a fairly extensive foredune area vegetated with
American beachgrass (Ammophila breviligulata). Extensive areas of backdune habitat occur
toward the northern end, with dry sandy soils supporting shrubby vegetation dominated by
winged sumac (Rhus copallina), bayberry, beach plum, and tree-of-heaven. Two distinct
maritime forest areas occur in Sandy Hook, including a mixed-deciduous forest of about 90
hectares (225 acres) with dense vegetation dominated by American holly (Ilex opaca), black
cherry, hackberry, serviceberry (Amelanchier canadensis), greenbrier (Smilax rotundifolia), and
poison ivy (Toxidendron radicans). A second, smaller (25-hectare [60-acre]) forest occurs on the
bay side of the peninsula with greater dominance by holly and presence of red cedar (Juniperus
virginiana). The backside of the spit consists of extensive tidal mud and sandflats and salt marsh
dominated by low marsh cordgrass inhabited by a variety of invertebrates including ribbed
mussel (Geukensia demissa). There are a few small inland marsh areas dominated by common
reed (U.S. Fish and Wildlife Service 1997).
New Jersey Department of Environmental Protection designated Sandy Hook a Natural Heritage
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Priority Site, one of the state’s most significant natural areas. The National Audubon Society also
designates Sandy Hook as a globally significant Important Bird Area (IBA). The significance of
Sandy Hook relates to its geographic location and to the variety and quality of habitat types
found here. The diverse habitats support a large number of regionally rare and important species.
Sandy Hook is the turning point of the primarily east-west oriented coastline of New England
and Long Island and the north-south oriented coastline of the mid-Atlantic coast. This
geographic location and configuration acts to concentrate marine and estuarine species migrating
between the New York Bight portion of the North Atlantic and the Hudson-Raritan Estuary. Also,
shorebirds, raptors, waterfowl, landbirds, and a variety of migratory insects migrating in both
directions are concentrated in the Harbor by these coastlines. These migratory species are further
forced by the surrounding urban developed land into the remaining open space and open water of
Raritan and Sandy Hook bays and surrounding coastlands. Sandy Hook continues to have a
relatively large overwinter population of landbird species only marginally adapted to the winter
environment, likely due to its coastal location and its low dense shrubs and thicket, similar to that
of Block Island (U.S. Fish and Wildlife Service 1997).
Block Island, Rhode Island
Block Island is located in Washington County, Rhode Island at 41°10'6.5"N, 71°34'44.3"W
(coordinates are for the Block Island Airport). This hummocky, pond-strewn, teardrop-shaped
island is 15.1 km (9.4 mile) south of mainland Rhode Island and 22.5 km (14.0 mi) northeast of
Montauk Point, New York (Figure 4). It is surrounded on the northwest by Block Island Sound,
on the northeast by Rhode Island Sound, and on the south by the Atlantic Ocean. The island was
formed from morainal drift deposited toward the end of the last ice age. Block Island belongs to
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a chain of islands found off New England’s southern coast, stretching from New York’s Long
Island to Massachusetts’ Nantucket Island (Rosenzweig et. al 2000).
Block Island is one of the most important sites for conservation in the northeastern United States
(The Nature Conservancy 2013). Several globally endangered and threatened species are found
there, as well as one globally endangered natural community. The Island is a major stepping-
stone in the Atlantic Flyway, especially for migratory songbirds. In addition, there are other
species and natural communities on Block Island that, while common in occurrence, play
critically important roles in the continuing function of its terrestrial and aquatic ecosystems. Over
30 years of concerted public and private conservation activity have contributed significantly to
the protection of some of the island’s most endangered communities. Block Island is a complex
place (Figure 5) but one small enough to be so thoroughly scrutinized that we can begin to
discover how it functions. Block Island can be viewed as a microcosm of the world at large,
where we can examine the effects of climate change, development, and the loss of habitat
(Rosezweig 2000).
Block Island’s winter avifauna is particularly amendable to analysis for several reasons. The
absence or near-absence of breeding populations of many species enhances detection of
individuals arriving via migration and dispersal. The 12.8 km (8-mile) water barrier is large
enough to inhibit stochastic abundance changes arising from local movements, but it is small
enough for most species to cross via directed movements. Although some characteristic year-
round residents of the nearby mainland are essentially absent from the island, several other
residents breed locally in such small numbers that detection of their occasional, but sometimes
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dramatic, seasonal movements is greatly facilitated. Furthermore, Block Island’s insular setting
aids interpretation of winter counts of its most numerous year-round residents (Mitra and Raithel
2001). Populations of such species, whose winter dispersal or aggregation at feeding stations
raise troubling questions for mainland CBCs (Veit and Petersen 1993), are almost closed systems
on Block Island, where the extensive water barrier presumably discourages mid-winter
immigration and emigration. The absence of significant summer populations of many others,
more migratory species further simplifies interpretation of their late-fall/early-winter phenology
(Mitra and Raithel 2001).
Finally, its location south of the New England mainland, its maritime climate and its dense
thickets (Figure 6) rich in fruiting shrubs – e.g. Bayberry (Myrica pensylvanica), Chokeberry
(Arona arbutifolia), Winterberry (Ilex verticillata) and roses (Rosa spp.) – appear to present an
attractive refuge to species only marginally adapted to the winter environment of the New
England interior (Mitra and Raithel 2001). The Christmas Bird Count circle is centered near the
north end (Sandy Point) and encompasses the entire island and much of the ferry route from
Point Judith (Figures 7 and 8).
STUDY METHODS
Christmas Bird Count (CBC)
The Christmas Bird Count has tracked early winter populations in North American birds for
more than a century and is applicable to assess change in the abundance and distribution of most
species (Niven 2009). Prior to the turn of the last century, sportsmen used to join in a holiday
event known as the Christmas side hunt. The group would choose sides, take their guns into the
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field during fall migration, and shoot everything they could, totaling up the carnage to determine
the winner. Photos of hundreds of dead migrating hawks were circulated and the public became
aware of the senseless bloodshed. Members of the newly formed Audubon Society were
particularly concerned, and in 1900, ornithologist Frank Chapman suggested an alternative
activity. He proposed getting the members of the young organization to go into the fields and
count the migrating hawks and birds instead of shooting them. This practice was to become the
annual Christmas Bird Count.
Although observations of amateur naturalists have been important for centuries, citizen science
projects have proliferated in the past decade. Volunteer participation in ecological studies has
become a mainstay of research aimed at the conservation of biodiversity with the ability to track
the ecological and social impacts of large-scale environmental change through the Internet
(Lepczyk et al. 2008). This has increased the scale of ecological field studies with continent-
wide, centralized monitoring efforts. It produces large, longitudinal data sets that can be used to
uncover underlying ecological patterns and as such, it is complementary to more localized,
hypothesis-driven research (Dickinson et al. 2010). Large-scale citizen science has led to new,
quantitative approaches to answering questions about the distribution and abundance of
organisms through space and time (Dickinson et al. 2010).
Currently, each local CBC is conducted once annually during a 24-hour period in a 24.14km (15
mile) diameter circle. A variable number of observers divide into separate field parties who each
survey a different region of the circle and tally the total number of individuals of each species
detected. Veit and Petersen (1993) proposed replicating CBCs on Block Island in late February as
a means of clarifying to what extent particular species actually decline in late winter. Extending
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this logic, a third count in November was added to provide insight into how and why various
populations change after the conclusion of normal southbound migration and throughout the
colder winter months. Therefore, the traditional late December counts were bracketed with CBC-
style counts in early to mid-November and mid-late February. The Block Island CBC is
consistently conducted around the 20th of December. The November counts were scheduled
during the second week of the month, on or around Veteran’s Day. Similarly, the February counts
were clustered around President’s Day during the third week of the month. Approximately, eight
people participate in the November count, eleven in the December count, and eight on the
February count (Mitra and Raithel 2001).
Stable Isotope Analysis
To understand the ecology of migratory animals it is important to link the geographic regions
used by individuals. The migration of animals between biomes on a daily, seasonal, or annual
basis represents a fundamental aspect of the ecology of populations and individuals.
Understanding linkages between areas used by animals throughout their life history is also
critical to their effective conservation since efforts can be directed more appropriately at
breeding, wintering, and stopover sites (Myers et al. 1987).
Previous conventional approaches used to track animal movements have relied on extrinsic
markers and typically the subsequent recovery of individuals. This approach has generally been
inappropriate for most small, or non-game animals. Stable isotope analysis is a technique that
relies on intrinsic tissue signatures to provide information on diet and often provenance of
feeding. Stable isotope analysis is based on the principle ‘you are what you eat.' The use of this
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technique to trace the origin or migration of wildlife is based on the fact that stable isotope
signatures in animal tissues reflect those of local food webs (Peterson and Fry 1987, Tieszen and
Boutton 1989, Michener and Schell 2007). Food web isotopic signatures are reflected in the
tissues of organism and such signatures can vary spatially based on a variety of biogeochemical
processes. It is thus sometimes possible to infer the whereabouts of an animal moving between
food webs (DeNiro and Epstein 1978, 1981). Animals that move between isotopically distinct
food webs can retain information of the previous feeding location for periods that depend upon
the elemental turnover rates or the tissue of interest (Figure 6) (Tieszen and Boutton 1988,
Hobson and Clark 1992, Hobson 1999).
Most elements exist in two or more forms, known as isotopes. Isotopes have the same number of
protons but differ in their number of neutrons, resulting in different masses. The lighter form is
generally the more common one (Hobson and Wassenaar 2008). This variation in the relative
abundance of stable isotopes results from tiny mass differences that cause the isotopes to act
differently in chemical reactions and physical processes. The lighter isotope generally forms
weaker bonds than the heavier one and tends to react faster. The change in isotopic abundance is
called fractionation (Karasov and Martínez del Rio 2007) and different environments are often
characterized by predictable isotopic signatures (West et al. 2006).
Deuterium (the heavy hydrogen isotope) has revolutionized stable isotope analysis in the study
of animal migration. Unlike other stable isotopes, which require analysis on a species-by-species
basis, deuterium signatures can be used to create a continental isotopic map, which is applicable
to all migratory species (Figure 6). Deuterium ratios vary strongly with weather conditions,
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resulting in highly predictable spatial variation across continents (Hobson and Wassenaar 2008).
Constructing continental maps that predict deuterium levels is therefore relatively
straightforward, given the large amount of existing data on continental weather patterns. These
maps detailing variation in deuterium were quickly utilized by biologists to determine migratory
origins of species.
Hydrogen isotopic compositions are transferred through a primary producer to higher-order
consumers (Cormie et al. 1994), including birds (Chamberlain et al. 1997, Hobson and
Wassenaar 1997). Many migratory passerines undergo a complete molt on the breeding grounds
before migration (Pyle 1997) and because feathers are metabolically inert after they are grown,
hydrogen isotopes sampled from feathers on wintering grounds can provide a signature of
breeding location (Chamberlain et al. 1997, Hobson and Wassenaar 1997, Wassenaar and Hobson
2000). Therefore, stable isotopes of hydrogen contained in bird feathers link the breeding
locations of individual passerines to migration stopover sites and wintering location (Kelly et al.
2001). The hydrogen isotope ratios of feathers reflect closely those of the growing-season
(monthly average temperatures >0°C) precipitation of the locality where they were grown
(Chamberlain et al. 1997, Hobson and Wassenaar 1997). Fractionation of hydrogen isotopes in
rainfall creates a gradient in the hydrogen isotope ratio (δD) in growing-season precipitation 
associated primarily with latitude, but also with continental (distance from the coast) and
altitudinal effects (Cormie et al. 1994, Rozanski et al. 1993). This gradient is characterized by
precipitation at southern latitudes being more enriched in deuterium than that at northern
latitudes. Chamberlain et al. (1997) and Hobson and Wassenaar (1997) measured stable isotope
ratios (δD) in feathers of Nearctic-Neotropical migratory birds. They independently 
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demonstrated that δD values of flight feathers grown on breeding habitats correlate with δD 
values of rainfall collected during the growing season. In addition, δD ratios of rainfall varied 
along a latitudinal gradient across eastern and central North America. Thus, δD ratios of feathers 
represent a signature of the environment in which the feathers were grown and can be used as a
latitudinal marker to track migratory birds.
THESIS OUTLINE
The first chapter is a regional study, The Effects of Seasonal Weather and Long-Term Climate
Change on the Winter Distribution and Abundance Patterns of Neotropical Migrant Landbirds in
the Northeastern Untied States, that asked whether seasonal weather fluctuations and/or a
warming climate indicative of the supposed increase in December presence of seven neotropical
migrant landbirds near the northern edge of their winter ranges. Historical songbird abundance
based on localized but widespread Christmas Bird Count (CBC) data and historical weather data
from the U.S. Historical Climatology Network (USHCN) were analyzed to confirm the
northward shift in average abundance over time among species near the northern limits of their
winter ranges. I determined whether there was a strong temporal autocorrelation and/or linear
relationship of December bird abundance consistent across species near the northern limits of
their ranges and found strong evidence in support of the hypothesis that the migratory behavior
of many bird populations has recently changed in response to climate warming. In addition, the
effects of localized, short-term weather variations due to climate change proved to be just as, if
not more important as the long-term global warming trend on the distribution of these wintering
bird populations.
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In the second chapter, Winter Trends in Landbird Abundance and Diversity on Block Island,
Rhode Island, Christmas Bird Count-style counts conducted in November, December and
February on Block Island, Rhode Island across eighteen winters (1995 – 2013) were used to
describe long-term trends in the species abundance and diversity of 103 species of landbirds on
Block Island, as well as subsets of species defined by migratory status and expected geographic
distribution. This local study examined the abundance and diversity of the wintering landbird
population in an isolated coastal location. The objectives were to determine what the eighteen-
year trends in composition and occurrence of landbirds on Block Island across the winter season
were; establish whether there was any evidence of changes in phenology and migration strategy
in the migratory species as witnessed by increasing numbers in abundance and diversity in
November and December; ascertain if the data supported evidence of multiple species shifting
their non-breeding ranges to higher latitudes; and figure out what the long-term trends in the
actual landbird winter populations on Block Island can tell us about fluctuations in local weather
patterns leading to range shifts and demographic changes in a number of migratory species.
The third chapter, Facultative Post-Migratory Movements and Winter Range Expansion in Half-
Hardy Landbirds, focused on the observed range shifts and demographic changes in a subset of
migratory landbirds referred to as Half-Hardies. This group of species increased on Block Island
between November and December, although southern New England is at, or near, the northern
limit of their normal winter distributions and stereotyped southbound migration is typically
expected to have been completed well before mid-November. In addition, the body
measurements of, and hydrogen isotope concentrations of the feathers of two half-hardy species
wintering within Sandy Hook National Park in New Jersey, provided evidence of facultative,
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post-migratory movements among this subset of landbird species. I confidently concluded that
many of the Half-Hardies present in the Northeast during the winter months are not “passive
victims”, i.e. simply injured, diseased, or otherwise unfit individuals but are in fact adaptively
exploiting a new resource and are benefitting by avoiding the cost of long distance migration
while gaining an advantage by remaining closer to the breeding grounds. In addition, my results
support the distinction between late migrants and half-hardy wintering species in northeastern
North America while disproving the notion that the early-winter timing of CBCs exposes them to
the presence of lingering southbound migrants.
The fourth and last chapter took a look at some of the other criticisms of the Christmas Bird
Count data. It is titled, Confirming the Value and Validity of the Christmas Bird Count, and my
results support that statistical analyses of CBC data are a powerful tool for the study of birds on a
local level, and concludes that the CBC is a valuable source of information on historic and recent
changes in the status and distribution of birds during the early winter period in the United States
and Canada. Specifically, I described the correlations and linear relationships (or lack thereof)
between warmer temperatures and lighter winds with the number of observers and foot miles
covered; and the total number of landbirds observed. Although there was a strong correlation
between wind speed on count day and the number of birds observed on that count, the loss of
detections, i.e. the inability to detect birds at longer distances as the wind increases, was not
significantly relevant, and the difference in the variations tended to even out. Therefore, the CBC
data are valid and valuable, and concerns of working with a large, heterogeneous data set to
answer a wide range of ecological research questions are overstated. Not only can the results be
used to cast an accurate and sometimes unanticipated light on the world of birds and birders, but
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can be used without hesitation for documenting broad patterns of change in the winter
distribution, abundance and diversity (both annual and long-term) of wintering bird species.
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FIGURES
Figure 1: Mean minimum annual temperatures (i.e. coldest temperature of the year) for the
northeastern United States in 1961-1990 (top panel) and for 2081-2100 (middle panel), based on
projected climate changes in northeastern, North America using nine-atmosphere-ocean general
circulation models (AOGCMs; bottom panel; courtesy of K. Hayhoe and J. Van Dorn via Dukes
et al. 2009).
20
Figure 2: Context Map of the Units of the Gateway National Recreation Area in New York and
New Jersey (National Park Service 2006).
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Figure 3: Map of Sandy Hook National Park Gateway National Recreation Area (National Park
Service 2006).
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Figure 4: Regional Setting of Block Island, Rhode Island
(Rosenzweig et. al 2000).
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Figure 5: Distinctive Features and Locations of Importance on Block Island
(Rosenzweig et. al 2000).
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Figure 6: Land Cover of Block Island (Rosenzweig et. al 2000).
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Figure 7: Location of the Christmas Bird Count Circle on Block Island, Rhode Island.
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Figure 8: Contours of growing season average deuterium (δD) values in precipitation in North 
America used to link organisms to broad geographic origins. Filled circles represent the location
of sampling sites (Hobson and Wassenaar 1997).
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CHAPTER ONE: THE EFFECTS OF SEASONAL WEATHER AND LONG-TERM CLIMATE
CHANGE ON THE WINTER DISTRIBUTION AND ABUNDANCE PATTERNS OF
NEOTROPICAL MIGRANT LANDBIRDS IN THE NORTHEAST
ABSTRACT
Christmas Bird Count data was used to establish whether seasonal weather fluctuations or the
long-term climate warming trend is predictive of the supposed increase in December presence of
seven neotropical migrant landbirds near the northern edge of their winter ranges. The hypothesis
being that due to regional climate warming, there should be a northward shift in average
abundance over time among species near the northern limits of their winter ranges; a strong
temporal autocorrelation of December bird abundance that are consistent across species near the
northern limits of their ranges; and a linear relationship between climate variables and December
bird abundance. The seasonal weather variables and annual climate variables chosen were those
with the greatest affect on all seven species and include: the average annual temperature; total
annual precipitation; average monthly temperature during the breeding season; and the average
monthly temperature, minimum monthly temperature and total monthly precipitation for the
winter months. This study on a limited but important group of neotropical migrant landbirds
provided strong evidence in support of the hypothesis that the migratory behavior of many bird
populations have recently changed in response to climate warming; supporting the general
hypothesis that climate change is impacting biodiversity by altering the distribution, abundance,
and phenology of a wide range of plant and animal species. The results revealed that the average
annual temperature increase across the Northeastern, United States is being driven by longer,
hotter summers, and provided evidence of weather-mediated range change in this subset of
migrant landbirds. While the average annual temperature is clearly increasing, the local average
monthly winter temperatures and total monthly winter precipitation values did not show
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significant change over the last forty years. In addition, the average monthly temperatures of
June, August and September have definitely been increasing, and all proved to be significant
indicators of species abundance in December. The effects of localized, short-term weather
variations due to climate change are just as, if not more important than, the long-term global
warming trend on the distribution of wintering bird populations, but the core winter temperatures
are not driving the changes. These northern temperate breeding birds have adjusted their
phenology and migration strategies, shifted their non-breeding range to higher latitudes, and due
to a strong temporal autocorrelation of December bird abundance, their winter population
abundance are on the rise.
INTRODUCTION
There have only been a small number of studies that address the vagaries in the distribution and
abundance of the wintering populations of neotropical migrant landbirds in the Northeastern
United States in response to climate change. However, winter range expansions of this kind are
of considerable interest because our understanding of response to climate change in this region
remains quite limited (Knudsen et al. 2007). Much is known about shifts in the winter
distribution of birds in Europe, but less is known about similar shifts in North America.
Rising temperatures across the northeastern United States are predicted to have a major effect on
avifauna. Like other regions of the northern hemisphere, the northeastern United States has
experienced a general increase in temperatures over the last forty years (Gahl 2006, Hayhoe et al.
2007, IPCC 2007). Climatic records for the northeastern United States show that from 1970 to
2002, the region has experienced an overall average warming of 0.3°C decade-1, which translates
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to an overall warming of 1°C (Gahl 2006). Winter temperatures are increasing at an even greater
rate for the same period at an average rate of 0.7°C decade-1.
The current trend in climate variables such as higher average temperatures, higher minimum
temperatures, briefer durations of freezing conditions or reduced precipitation and/or snowcover
are all conceivable factors that might allow for neotropical migrant songbirds to survive in areas
where they previously could not. Particularly, the reduction in snowcover over the last few
decades could contribute to the northward expansion of many neotropical species that do their
foraging on the ground in the leaf litter or soil (Bull 1998). In addition, all of these climatic
factors influence the plant and arthropod communities, on which wintering landbirds depend,
potentially providing the benefit of a shorter migration distance and the advantage of remaining
closer to the breeding grounds.
Probably the biggest challenge for organisms living in seasonal habitats is to adapt to the
changes in phenology of resource availability. Although some of these species are generalists,
many are others depend on specific habitats and resources in different geographic regions at
different phases of their annual cycle, migratory species are especially vulnerable to the impacts
of climate change.
Natural selection will favor the early arriving migratory birds that can take advantage of peak
food levels. Differences in the ability to adjust to changes at the breeding sites have been
attributed in part, to variation in migration distance and to the divergence of temperature changes
at the breeding and wintering sites (Jones and Creswell 2010, Pulido and Berthold 2010).
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Completely migratory population may become partially migratory. This may increase their
evolutionary response if mean migratory activity decreases, e.g. as a response to selection for
shorted migration distance (Pulido et al. 1996).
Earlier arrival is a prerequisite for earlier breeding and selection for shorter migration distance
may be driven by the reduction of the costs of migration, which in some populations maybe
considerable or by changes in food availability on the wintering sites. A shortening of migration
distance may be additionally advantageous because it facilitates earlier migration and breeding as
a consequence of the physiological responses to the exposure to an altered photoperiod. The
reduction in migratory activity is an important evolutionary process in the adaptation of
migratory birds to climate change, because it reduces migration costs and facilitates the rapid
adjustment to the shifts in the time of food availability during reproduction. Therefore, climate
change could result in the evolution of partial migration residency in exclusively migratory bird
populations or northerly range shifts and the eventual disappearance of more southerly
populations (Studds 2008).
I analyzed the pattern of geographic ranges to determine partial migration residency in formerly
exclusively migratory bird populations. Although it is widely accepted that climate change is
altering the distribution, abundance, and phenology of migratory birds, quantifying the
ecological implications of these changing conditions has been severely constrained by a lack of
multispecies distributional data of a sufficiently fine spatial and broad temporal scale by which to
compare long-term changes (Zuckerberg et al. 2009). Here I used localized but widespread data
to test whether a warming climate is indicative of the increase in December presence of seven
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neotropical migrant landbirds near the northern edge of their winter ranges. Songbird count data
were obtained from Christmas Bird Counts (CBCs) and local climatic variables from the
neighboring U.S. Historical Climatology Network (USHCN) stations were included, in order to
analyze the correlation between specific local climatic variables and the winter distribution and
abundance patterns of the same neotropical migrant species over last four decades (1970 to 2009)
throughout the northeastern United States as defined by the United States Census Bureau: the
New England states of Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island and
Vermont; and the Mid-Atlantic states of New Jersey, New York and Pennsylvania. These
resources provided accurate and serially complete records suitable for detecting and monitoring
the effect of long-term climatic changes.
My objective was to assess changes in the winter distribution of seven species of neotropical
migrant landbirds from 1970 to 2009 in the Northeastern United States near the northern edge of
their winter ranges using CBC. Each species has different breeding habitat associations and long-
distance migratory behaviors; implying that a climatic factor or the interactions among climatic
factors are the major source of this northward expansion. In addition to considering the temporal
and spatial correlations between local climatic variables and the winter distribution and
abundance patterns over last forty years, I developed a perspective for a mechanistic link
between a species distribution and its environment. Mechanistic models are data intensive and
require considerably more time to parameterize and validate and currently can reasonably only
be applied to a limited number of species (Kearney and Porter 2009). Nevertheless, by
developing a mechanistic perspective, I formulated a direct representation of the factors defining
a species’ fundamental niche represented by the biological mechanism defining the boundaries
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(La Sorte and Jetz 2010) instead of the niche being assumed by a species’ current distribution.
This work for the first time integrated a correlative and mechanistic approach to examine intra-
regional weather and climate data with the temporal and spatial patterns of multiple neotropical
migrant landbirds over forty winter seasons in a nuanced analyses of climate change within the
New England and mid-Atlantic regions.
METHODS
STUDY SITES
Historical data on winter songbird abundance throughout the New England states of Connecticut,
Maine, Massachusetts, New Hampshire, Rhode Island and Vermont; and the Mid-Atlantic States
of New Jersey, New York and Pennsylvania were obtained from 98 Christmas Bird Count (CBC)
circles for surveys conducted over 40 years from 1970 to 2009 (Supplement 2). Each local CBC
is conducted once annually during a 24-hour period in a 24.14 km (fifteen mile) diameter circle.
A variable number of observers divide into separate field parties who each survey a different
region of the circle and tally the total number of individuals of each species detected. The circles
included in this analysis were chosen because they took place on the 1960, 1980 and 2000 bird
counts. Choosing which circles to include in this manner ensures that only counts which span
the entire four decades are included while excluding newer circles for which historical bird
abundance data are not obtainable and eliminating obsolete circles for which more recent winter
bird population data are not available.
STUDY SPECIES
The seven species discussed in detail below are all neotropical migrant landbird species for
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which anecdotal reports of northward movement were confirmed by the National Audubon
Society. According to NAS (2009) analysis of four decades of Christmas Bird Count surveys
reveal that birds seen in North America during the first weeks of winter have moved dramatically
northward toward colder latitudes over the past four decades. This significant northward
movement occurred among 58% of the observed species (n = 305). More than sixty species
moved in excess of 100 miles north, while the average distance moved by all studied species,
including those that did not reflect the trend was 35 miles northward. There was also movement
inland, from warmer coastal states into areas not long accustomed to winter temperatures suitable
for their new arrivals.
Baltimore Oriole (Icterus galbula)
The Baltimore Oriole is a small blackbird historically found in woodland edges and open riparian
woods, but it has adapted well to urban parks and suburban landscapes (Rising and Flood 1998).
Baltimore Orioles typically forage in trees and shrubs and eat mainly insects, berries and nectar.
This species breeds in the eastern Nearctic, from central Alberta to Nova Scotia and south, from
the western edge of the Great Plains to the southern United States (Bull 1998). It winters chiefly
from Mexico to northern South America, more rarely in the southern states and very rarely but
regularly north to Massachusetts (Bull 1998). It is one of the earliest breeding species to depart
in fall and yet it is recorded annually in winter, when it is seen sipping at hummingbird feeders
(Foster 2007) more frequently on Long Island, NY than elsewhere (Bull 1998). According to
Audubon, this land-based, woodland bird, which occasionally visits feeders, has shifted its
winter range northward by 21.1 miles and towards the coast by eight miles over the last forty
years.
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Common Yellowthroat (Geothlypis trichas)
Common Yellowthroats are one of the most widespread and common warblers whose range have
been found to be strongly associated with temperature and cover most of the area in North
America where the frost-free period is longer than 240 days. Common Yellowthroats occupy
similar types of habitats for both their breeding and wintering locations (Fisher and Acorn 1998,
Terres 1980): non-forested areas low to the ground in briers, damp brushy places, weeds or
grasses along country roads or farms. They are also found in cattails, bulrushes, sedges, and
willows by stream sides and freshwater, and salt-water marshes. The Common Yellowthroat
gleans leaves of shrubbery, grasses or weeds for adult and larval insects such as grasshoppers,
dragonflies, beetles, butterflies, and spiders, and rarely visits feeders (National Audubon Society
2009). Its winter range has shifted northward 109.3 miles and 46.1 miles inland over the last
forty years (National Audubon Society 2009).
Eastern Towhee (Pipilo erythrophthalmus)
According to Root (1988), along with temperature, vegetation helps define where this towhee
occurs in high concentrations. These areas are in the mixed mesophytic and deciduous forest and
have an average minimum January temperature warmer than about 25°F (-4°C). Hedgerows,
thickets, brushy hillsides, woodlands, swamps, (Root 1988, Bent 1968) open forest are habitats
where this towhee is most likely to be found (Root 1988, Oberholser et al. 1974). It normally
forages on the ground, to expose seeds, berries, and insects (Root 1988, Bent 1968). Its annual
diet consists of 30% spiders, snails and insects such as moths, caterpillars, beetles, bugs, and ants
(Root 1988). Beetles are its main animal food in winter. The vegetable matter making up 70% of
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the annual diet includes seeds from ragweed, foxtail, and dock and wild fruits. Acorns are the
main staple in the winter and even though it is primarily a ground feeder, it will frequent feeding
standings in the winter (Root 1988, Bent 1968). Based on the last forty years of CBCs the
“Rufous-Sided” Towhee (lumped) range has shifted 215 miles northward and 22.7 miles inland
(National Audubon Society 2009).
Gray Catbird (Dumatella carolinensis)
The Gray Catbird is a medium-sized, long-tailed songbird that breeds throughout much of
eastern North America. Most catbirds winter in Central America and the Caribbean, with smaller
numbers wintering northward along the United States’ Gulf and southern Atlantic coasts in areas
that have 240 consecutive days without frost each year (Root 1988). However, the northernmost
wintering populations not only appear to be growing rapidly, but are also expanding northward,
to within just a few hundred miles of the northern limits of the breeding range. Swampy, warm
habitats are strongly associated with dense concentrations of catbird as the species cannot
survive extremely cold weather and thus migrates in the winter except during warmer winter
when migration is partly curtailed. Banding records show that individuals exhibit high site
tenacity for their wintering areas (Root 1988, Bent 1948). Their winter diet consists primarily of
berries, such as mountain ash, catbrier, bittersweet, honeysuckle, poison ivy, and sumac (Root
1988, Bent 1948) and the species will occasionally visit feeders (National Audubon Society
2009). Its winter range has shifted northward by 21.1 miles over the last four decades and 6.1
miles inland over the same period of time (National Audubon Society 2009). Most of these areas
farther north are along the Atlantic coast occur where the frost-free period is 210 days (Root
1988).
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Hermit Thrush (Catharus guttatus)
The hermit Thrush is a medium-sized thrush with a brown back, reddish tail and spots on the
breast. It is one of the most widely distributed forest-nesting, migratory birds in North America
and the only member of its genus likely to be seen in the United States in the winter, though most
hermit thrush winter through interior Mexico to Guatemala and El Salvador, with smaller
numbers wintering northward in southern Texas and along the United States Gulf coast (Bull
1998). Typically in the winter Hermit Thrush are generally absent from regions with January
temperature below 25°F (-4°C) (Root 1988). Early winter records have been increasing rapidly
in coastal areas such as Block Island, Rhode Island; Long Island and New York City, New York
(National Audubon Society 2009). The abundance pattern reflects these preferences and the
added fact that it selects warm areas; it is common only in forests that rarely get below 30°F (-
1°C) in January (Root 1988). This thrush prefers dense, moist forest habitats (Root 1988, Aldrich
1968), at lower elevations, where it feeds on insects (56% of its diet), berries and seeds (Root
1988, Bent 1949) and is an occasional visitor to feeders (National Audubon Society 2009).
Therefore it will overwinter, either where shrubs and vines retain persistent fruit, such as catbrier,
bittersweet, honeysuckle, poison ivy and sumac (Root 1988), or at well-stocked feeding stations
(Bull 1998). Over the last forty years, their winter range has expanded northward by 91.4 miles
and inland by 24.7 miles.
Orange-crowned Warbler (Oreothlypis celata)
The Orange-crowned Warbler is a small, rather drab warbler whose winter distribution appears to
be strongly associated with climate. The Orange-crowned Warbler migrates into the extreme
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southern tier of states from its breeding area, which stretches as far north as western Alaska and
the central Yukon and covers most of Canada and the western United States (Root 1988, Bock
1983). Most of the regions within its wintering area have more than 210 consecutive days a year
without frost. Warm environments allow this small insectivore to expend less energy maintaining
its body temperature, and its insect prey is much more abundant and active in warmer climates
(Root 1988, Young 1957). In winter this species prefers thickets and shrubs along streams,
forests, weedy fields, and dense tangles of shrubs and vines (Sogge et al. 1994). Its diet consists
chiefly on insects, but it eats some berries and fruit. This warbler also is attracted to feeders,
eating suet, peanut butter, and crumbs (Root 1988, Griscom and Sprunt 1957). According to
Audubon, this land-based songbird has shifted its winter range northward by 32.2 miles and 20.5
miles inland over the last forty years.
Yellow-breasted Chat (Icteria virens)
The Yellow-breasted Chat is the largest North American wood-warbler, although it has many
non-warbler characteristics. It is found throughout North America, from southern-plains Canada
to central Mexico during the summer. The majority of this species overwinter in Mexico and
Central America, although their winter numbers are increasing along the east coast of the United
States, even as far as New England in the last few decades. It prefers dense thickets and brush,
often with thorns; streamside tangles and dry brushy hillsides. The Chat diet consists primarily of
insects, including grasshoppers, bugs, beetles, weevils, bees, wasps, tent caterpillars, ants, moths
and mayflies (Curson et al. 1994). However, unlike many warblers, this chat depends heavily on
berries and other fruits as well.
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CLIMATE DATA
The historical weather data were obtained from the U.S. Historical Climatology Network
(USHCN, Boden et al. 1990) which was developed and is maintained at the National Climatic
Data Center (NCDC) and the Carbon Dioxide Information and Analysis Center (CDIAC) of Oak
Ridge National Laboratory through a cooperative agreement between the NCDC and the U.S.
Department of Energy. The USHCN is a high-quality network of COOP stations with maximum,
minimum, and mean temperature and precipitation, specially selected for analyzing long-term
variability and change in the 48 contiguous United States. The stations in the network were
chosen based on length of record (1970 – 2009) and spatial distribution. This was done in this
manner to minimize the number of station changes that can affect the homogeneity of the record.
A methodology has been developed and is applied to test known station changes for their impact
on the homogeneity, and data are adjusted if the change causes a statistically significant change
in the time series as described below. An urban warming correction based on population is also
applied, which uses the regression approach outlined in Karl et al. (1988). The data set is a
consistent network through time, which minimizes any biasing due to network changes through
time. The careful selection of each station and the series of adjustments applied to the data make
the USHCN database the best long-term monthly temperature and precipitation data set available
for the contiguous United States. It provided an accurate, serially complete, modern historical
climate record suitable for detecting and monitoring long-term climatic changes, in addition to
localized variations and fluctuations in weather, which can alter the distribution and abundance
of a wide range of plant and animal species.
The seventy USHCN stations selected were chosen based on their proximity to a CBC circle
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(average distance = 33.41 km) and the length and completeness of their record over the forty
year period of interest. Supplement 1 lists the 98 CBC circles chosen for this study, alongside the
name and identification number of the corresponding USHCN station, as well as the state in
which it is located, its latitude and longitude, and its distance from the CBC circle. The climate
variables chosen for this study were those believed to have the greatest effect on all seven
neotropical migrant landbirds and their presence over the length of the winter season. For each
USHCN station for all forty years the climate variables considered were: the average annual
temperature; and total annual precipitation which is strongly determined by the period of
maximum rainfall each year. The weather variables included monthly average, based on daily
average; monthly minimum, based on daily minimum; and total precipitation. Correlations
among the climatic variables ranged from moderate to strong and due to the high correlation
coefficient between the annual average and monthly averages, as well as the average monthly
temperature and average monthly minimum temperature; the models included were constructed
and analyzed independently from one another.
STATISTICAL ANALYSES
The first analytical objective was to analyze weather patterns, long-term climate change, and
long-term change in the species abundance using a localized seasonal model approach. Standard
linear regression models were used to analyze the significance in the change of each weather and
climate variable over the forty-year time frame at each location independently. Then similar
regressions were done for species abundance using a general linear model (GLM, R function glm
in R package stats) to determine the significance in the change of each species’ abundance over
time at each separate CBC location in order to assess changes in both abundance and
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distribution. The results of the local population change from the GLM were confirmed by using a
generalized additive model (GAM, function gam in the R package with the same name). Species
abundance was then regressed against each weather and climate variable over the forty-year time
frame at each location individually.
In order to quantify ecological patterns, both spatial and temporal autocorrelations are important.
Temporal autocorrelations were investigated (time series R function pacf in R package stats,
Bivand et al. 2008) for all seven species at each CBC location in order to determine whether the
observations were correlated in time. Spatial autocorrelation is used broadly to include a mix of
both the species’ response to exogenous processes and the species’ spatial autocorrelation due to
endogenous processes. I evaluated spatial autocorrelation for species occurrence, in order to test
the assumption of independence or randomness. Moran’s I, the degree of spatial dependence, was
estimated by comparing the value at one location with its five closest neighbors. Given a set of
features and an associated attribute and with a correlation that is weighted by inverse distances,
Moran's I evaluates whether the pattern expressed is clustered, dispersed, or random by
indicating if the spatial autocorrelation is positive or negative and providing a p-value for the
level of autocorrelation. A Moran's I value near +1.0 indicates clustering while a value near –1.0
indicates dispersion. A positive Moran’s I value indicates that the spatial distribution of high
values and/or low values in the dataset is more spatially clustered than would be expected if
underlying spatial processes were random.
After testing for spatial and temporal autocorrelation, an a priori set of candidate approximating
models with various combinations of abundance, weather and climate variables for predicting the
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winter occupancy of each of the seven species at every location were created. Weather variables
were combined to form seasonal terms: the average winter temperature (January, February and
March); the minimum winter temperature (January, February and March); average fall
temperature (November and December); minimum fall temperature (November and December);
and the average summer temperature (June, July, August and September). Then linear regressions
were used to compare these seasonal models, in order to determine which basic model was both
ecologically meaningful and statistically sound. All of the aforementioned models were then
compared with a GAM which uses a link function to establish a relationship between the mean
response variable and a smoothed function of the explanatory variables that allows the data to
determine the relationship rather than assuming some form of parametric relationship; which in
this case is the relationship between the subsets of climate variables and winter migrant landbird
abundance. AIC framework was used to assess the relative support of each model.
The results of the seasonal model were then used to construct a spatially oriented multi-season
model for my second analytical objective of identifying environmental variables that predict a
significant fraction of the variation in species abundance. These models are species-specific and
included only the predictors of occurrence probability determined by the preliminary analyses.
To evaluate the adequacy of the models for predicting the observed pattern of occurrence of each
species, the models were tested with spatio-temporal neighbors, i.e. residuals are correlated when
grid cells are neighbors and a single correlation coefficient is fitted to describe correlations
between all (spatial, temporal, and spatio-temporal) neighbors. An observed spatial relationship
between an ecological response, species abundance, and a climatic predictor is used to model
how an observed temporal gradient in the climatic predictor would be likely to impact the
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ecological response. A temporal weighting factor, i.e. the previous year’s count of each species at
each location was included, effectively leading to a more least squares oriented solution. A single
spatial correlation coefficient was included for those three species with a significant Moran’s I
clustering value. The regressions were carried out with the R function spautolm in R package
spdep (Bivand et al. 2008).
RESULTS
REALIZED LOCAL CHANGES
The Change in Weather and Climate Variables at Each USHCN Station.
The results of the linear models indicated significant climate warming with little change in the
amount of precipitation, across the northeastern United States over the last four decades. The
average annual temperature at the vast majority of the CBC study sites: 89 of the total 98, saw a
significant increase in the average annual temperature (average slope=0.9, average p-
value=0.006), while only seven of the 98 experienced a significant increase in total annual
precipitation (average slope=12.5, average p-value=0.019). All seven significant increases in
precipitation did correspond with locations that experienced significant annual warming.
There was less consistency in the number and location of sites with significant amount of
increase in the winter climate variables. None of the sites recorded a significant change over
forty years in the average temperature for the month of March; only two sites recorded
considerable increase in the month of February; and another two for December. Seven sites
experienced an increase in November’s average temperature. Although more sites experienced an
increase in January’s average temperature, that change was still limited to eighteen of the total 98
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locations. Figure 1 illustrates the forty-year average minimum winter temperature for each
location. Only one site had a significant increase in the minimum temperature in January; five in
February; 23 in March; 25 in December; and November saw the most change, where 38 locations
recorded significant minimum temperature increases.
The Change in Abundance and Distribution of Each Species.
Only 30% (n = 98) of the CBC sites had significant increases in abundance in at least one of the
seven study species (Fig. 2). Fourteen sites had an increase in only one species, while there were
only three locations, Cape Cod, Massachusetts; Cape May, New Jersey; and Newport County,
Rhode Island, where all seven species increased in abundance on the CBC over the last forty
years. Relatedly, coastal locations were more likely to see significant increases in multiple
neotropical migrant species.
Three species, the Eastern Towhee, the Gray Catbird and the Hermit Thrush showed significant
and surprising declines in abundance over the vast majority of locations within the last four
decades (Table 1, Figure 3). Sixty-nine locations indicated decreases in abundance in one or
more of the three species; and of those, 47 exhibited significant declines in all three species. The
locations with declines in all three populations tended to be northward and inland and those
declines are likely due to an increase in the number of observers on the Christmas Bird Counts
rather than an actual decline in these winter populations. Whereas the coastal populations were
more likely to experience increases in winter population abundance (Figure 3).
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TEMPORAL AND SPATIAL CORRELATIONS
The Density-Dependence and Spatial Heterogeneity of Each Species.
The amount of temporal correlation varied among species, with the Eastern Towhee, Gray
Catbird, and Hermit Thrush exhibiting more significant temporal correlation across locations,
though in general, all seven species presented density-dependence on the majority of count
circles (Table 2). Similarly, the amount of spatial correlation varied among species, the Eastern
Towhee, Gray Catbird, and Hermit Thrush had more spatial correlation than the other four
species. The winter abundance of each of those three species were consistently spatially
correlated on more than half of the forty years included in the study. The abundance of the Gray
Catbird was spatially correlated in thirty of the forty years (mean Moran’s I value = 0.1705);
followed by the Hermit Thrush with spatial correlation in 26 years (mean Moran’s I value =
0.1753); and the Eastern Towhee exhibiting spatial correlation in 25 years (mean Moran’s I value
= 0.1580). The other four species indicated spatial correlation to a lesser extent, with all of the
species presenting positive Moran’s I values. This implies that the spatial distribution of each of
these populations was more spatially clustered than would be expected if underlying spatial
processes were random. Therefore, the null hypothesis that there was zero spatial autocorrelation
in the abundance of these neotropical migrant landbirds on Christmas Bird Counts can be
rejected.
CHRISTMAS BIRD COUNT ABUNDANCE, SEASONAL WEATHER, AND ACCELERATED CLIMATE
CHANGE
The Effect of Seasonal Weather Variables on Wintering Migrant Landbirds.
The density-dependence term, i.e. the previous year’s CBC abundance, proved to be a reliable
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indicator of the presence and abundance of each of the study species on the following year’s
CBC, indicating a strong temporal autocorrelation of December bird abundance that were
consistent across species near the northern limits of their ranges. The winter population of the
Baltimore Oriole was affected by the most variables (12), and appeared to be the most sensitive
to weather fluctuations, followed by the Yellow-breasted Chat (10), the Eastern Towhee (5), the
Gray Catbird (3), Hermit Thrush (3), Orange-crowned Warbler (3) and the Common
Yellowthroat (1) (Table 3).
In general, all seven species were the most susceptible to fluctuations in the average monthly
temperature, minimum monthly temperature and total monthly precipitation for the fall and
winter months, as those variables provided the strongest linear relationship with December bird
abundance. There was little difference in the results whether the average monthly winter
temperatures or the minimum monthly winter temperatures were regressed against species
abundance. The minimum values yielded three more significant weather variables considering all
species and slightly lower AICs. Winter precipitation had the greatest effect during the month of
March. The average monthly temperature of May and the average monthly temperature of
September had the greatest inverse liner relationship with species abundance (Tables 3, 4).
The average difference between AIC values was 28 units of one another between the annual
climatic and seasonal weather predictor models when predicting particular species’ winter
abundance. The greatest difference in AIC values between the two models came from the Eastern
Towhee (65) and the smallest from the Yellow-breasted Chat (14). The average September
temperature proved to be the best predictor model for the Eastern Towhee and the Gray Catbird;
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the minimum fall temperature set the most reliable indicator of Baltimore Oriole, Orange-
crowned Warbler and Yellow-breasted Chat abundance; the average fall temperature model was
the best predictor set for the Common Yellowthroat; while the Hermit Thrush was the only
species whose winter abundance was best predicted by winter temperatures.
DISCUSSION
This study on a limited but important group of neotropical migrant landbirds provided strong
evidence in support of the hypothesis that the migratory behavior of many bird populations
recently changed in response to ongoing climate shifts. These migrant landbirds typically arrive
in the northeastern region during early May and depart by mid October, however the
northernmost coastal wintering populations not only appear to be growing rapidly, but are also
expanding northward, while their breeding ranges have seen little change over the same time
period. The presence of these individuals along the coast of the northeastern United States in
December, thousands of miles north from the species’ core winter range, is strikingly
incongruous for species whose life histories are otherwise so typically that of neotropical
migrants.
The locations with declines in all the populations of Eastern Towhee, Gray Catbird and Hermit
Thrush, tended to be northward and inland and those declines are likely due to an increase in the
number of observers on the Christmas Bird Counts rather than an actual decline in these winter
populations. Whereas the coastal populations were more likely to experience increases in winter
population abundance (Figure 3).
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These seven species, all northern temperate breeding birds have adjusted their migration
strategies, shifted their non-breeding range to higher latitudes, and as such their winter
population size are on the rise, especially along the coast. The spatial distribution of each of
these populations was more spatially clustered than would be expected if underlying spatial
processes were random. Therefore, the null hypothesis that there was zero spatial autocorrelation
in the occurrence of these neotropical migrant landbirds on Christmas Bird Counts can be
rejected.
For every model considered for each individual species, its previous year’s CBC value proved to
be a reliable indicator of the following year’s abundance; meaning that during the core winter
season, species abundance has been the limiting factor of these neotropical migrant landbird
populations, followed by the total amount of precipitation in March. It is likely that birds that
persist in the north throughout the winter are more likely to survive during years where the
month of March is relatively warm and dry, whereas the populations are more likely to succumb
to winter conditions that occur late in the season because of their already weakened state.
While the average annual temperature has clearly and inarguably increased, the average monthly
winter temperatures and total monthly winter precipitation values did not indicate significant
change over the last forty years. The average annual temperature increase across the
Northeastern, United States is being driven by longer, hotter summers and has initiated weather-
mediated range change in this subset of neotropical migrant landbirds. However, the average
annual temperature did not provide a strong model to predict winter population abundance,
whereas the seasonal variables did.
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The effects of localized, short-term weather variations are just as important, if not even more so,
than long-term global climate change on the distributions of wintering bird populations;
however, the core winter temperatures do not appear to be driving the increase in the winter
populations. Certain migrant species have been extremely responsive to current weather patterns
and these species have adapted their migratory behavior to the recent increase in ambient
summer and fall temperatures with a shortening of migration distance (Pulido and Berthold
2010), which has been shown to be an important evolutionary process in the adaptation of
migratory birds to climate change (Pulido and Berthold 2010), because it reduces migration costs
and facilitates the rapid adjustment to the shifts in the time of food availability during
reproduction. A latitudinal shift of wintering areas to the north, as a consequence of shortening of
migration distance, and acceleration of the annual cycle can be seen an effective mechanism of
adjusting the timing of reproduction to the rapid advancement of spring on the breeding grounds
(Pulido et al. 2001, Pulido and Berthold 2010).
Local weather has been, and undoubtedly always will be, an important factor in determining
when eggs are laid. Most north temperate birds start to lay eggs earlier in a warm spring than in a
cold spring (Dunn 2004, Torti and Dunn 2005, Weatherhead 2005). Warmer spring temperatures,
access to prime breeding locations due to a reduction in migration distance and longer breeding
seasons has the potential to advance the mean date of the first nest and first clutch, increase
clutch size and provide time for multiple broods. Previously, long-distance migrants in New
England and the mid-Atlantic states would only have the opportunity for a single-brood as adults
characteristically return to their breeding areas en masse later in the spring than the short-
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distance migrants and depart earlier in the fall. However, departure dates for fall migration have
relaxed as the start of autumn and winter are delayed and the probability of encountering
unfavorable conditions in early autumn has decreased, resulting in a widening of the
reproductive time window.
One of the biggest challenges for organisms living in seasonal habitats is to adequately and
readily adapt to the changes in phenology. The reduction in migratory activity studied here is an
important evolutionary adaptation of migratory birds to climate change as earlier arrival to the
breeding grounds is a prerequisite for earlier breeding, while also improving the selection of
prime breeding locations, ensuring food availability during reproduction, and lessening migration
costs. The species with the capacity to adjust to rapidly changing environmental conditions, such
as all seven of those studied here, are in a better position to take advantage of changing local and
regional, biotic and abiotic conditions and therefore have a better chance for long-term survival
of their populations. The growth in the winter populations, as well as earlier timing of migration
and breeding, has the potential to affect the northern temperate breeding bird populations and
communities. This is significant, as these localized but widespread changes have occurred in an
individualistic fashion but over time will result in communities that are highly dynamic. Climate
change will result in the evolution of partial migration residency in populations that at one time
were exclusively migratory and that these northerly range shifts could eventually lead to the
disappearance of more southerly populations. The corresponding communities can and will






















Baltimore Oriole 11 0.005 0.004 0 N/A N/A
Common Yellowthroat 9 0.011 0.007 0 N/A N/A
Eastern Towhee 16 0.104 0.018 52 -0.037 0.01
Gray Catbird 13 0.099 0.182 63 -0.043 0.009
Hermit Thrush 11 0.108 0.012 59 -0.057 0.009
Orange-Crowned Warbler 9 0.007 0.005 0 N/A N/A
Yellow-Breasted Chat 7 0.012 0.048 0 N/A N/A
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Table 2: Temporal and Spatial Autocorrelations
The density-dependence and spatial heterogeneity of all seven species.
SPATIAL AUTOCORRELATION (MORAN'S I)









Baltimore Oriole 95 YES 7 0.1245 0.008
Common Yellowthroat 95 YES 4 0.1688 0.009
Eastern Towhee 98 YES 25 0.1580 0.009
Gray Catbird 98 YES 30 0.1705 0.008
Hermit Thrush 98 YES 26 0.1753 0.012
Orange-Crowned Warbler 98 YES 7 0.1564 0.015
Yellow-Breasted Chat 98 YES 12 0.1854 0.005
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Table 3: The Most Significant Predictor Variables by Species









POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE POSITIVE NEGATIVE
JAN MIN JAN PCP MAY AVG ANNUAL AVG MAY AVG DEC AVG ANNUAL PCP ANNUAL AVG SEPT AVG MAY AVG DEC MIN FEB MIN MAY AVG
FEB AVG MAY AVG JULY AVG SEPT AVG SEPT AVG JULY AVG JUNE AVG FEB PCP SEPT AVG
MARCH AVG DEC MIN MARCH MIN
MARCH PCP MARCH PCP
NOV AVG NOV MIN
NOV MIN NOV PCP
NOV PCP DEC MIN





Table 4: Comparison of the Most Significant Weather and Climate Predictor Variables
The climate and weather variables that were significant predictors of an individual species' density on CBC.
MONTH AVERAGE MONTHLY TEMPERATURE MINIMUM MONTHLY TEMPERATURE TOTAL MONTHLY PRECIPITATION
JANUARY Baltimore Oriole (+) Baltimore Oriole (-)
FEBRUARY Baltimore Oriole (+) Yellow-Breasted Chat (+) Yellow-Breasted Chat















Baltimore Oriole (+) Baltimore Oriole (+) Baltimore Oriole (+)
Yellow-Breasted Chat (+) Yellow-Breasted Chat
Baltimore Oriole (+) Baltimore Oriole (+) Baltimore Oriole (+)











Table 5: The Best Single-Species Climatic Predictor Models
The two most reliable climatic and weather predictor models for predicting each species density on a Christmas Bird Count.
SPECIES BEST PREDICTOR SET AIC NEXT BEST PREDICTOR SET AIC
Baltimore Oriole Minimum Fall Temperature -29722 Minimum Winter Temperature -29683
Common Yellowthroat Average Fall Temperature -22732 Minimum Winter Temperature -22699
Eastern Towhee Average September Temperature -8438 Average Annual Temperature -8373
Gray Catbird Average September Temperature -8783 Minimum Winter Temperature -8721
Hermit Thrush Minimum Winter Temperature -8405 Average September Temperature -8351
Orange-Crowned Warbler Minimum Fall Temperature -30185 Average Annual Temperature -30124
Yellow-Breasted Chat Minimum Fall Temperature -27429 Minimum Winter Temperature -27414
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Table 6: The Best Single-Species Multi-Season Climatic Predictor Model
The best-fit model(s) to predict that species density for a specific locale in
descending order.
SPECIES AIC FINAL TERMS
BALTIMORE ORIOLE -41117 Total March Precipitation
Minimum Fall Temperature
Previous Year’s CBC Density
COMMON YELLOWTHROAT -34076 Previous Year’s CBC Density
Minimum Winter Temperature
Average Fall Temperature

















YELLOW-BREASTED CHAT -41787 Total March Precipitation
Minimum Winter Temperature
Minimum Fall Temperature







































ID STATE USHCN NAME LAT LONG ELEVATION
CT GREENWICH-STANFORD CTGS 41.0833 -73.6167 7.41 67970 CT STAMFORD 5 N 41.1247 -73.5475 57.9
CT HARTFORD CTHA 41.7667 -72.6667 36.58 68138 CT STORRS 41.795 -72.2283 198.1
CT LITCHFIELD HILLS CTLH 41.7667 -73.2667 21.97 62658 CT FALLS VILLAGE 41.95 -73.3667 167.6
CT NEW LONDON CTNL 41.3167 -72.1 6.32 63207 CT GROTON 41.3506 -72.0394 12.2
CT OXFORD CTOX 41.4 -73.15 45.20 67970 CT STAMFORD 5 N 41.1247 -73.5475 57.9
CT STORRS CTST 41.8 -72.25 1.88 68138 CT STORRS 41.795 -72.2283 198.1
CT WESTPORT CTWE 41.1667 -73.35 17.22 67970 CT STAMFORD 5 N 41.1247 -73.5475 57.9
ME MOUNT DESERT ISLAND MEMD 44.3333 -68.3 5.56 170100 ME ACADIA NP 44.3739 -68.2592 143.3
ME SCHOODIC PENINSULA MESP 44.4167 -68.1 13.54 170100 ME ACADIA NP 44.3739 -68.2592 143.3
MA CAPE ANN MACA 42.6 -70.7167 34.68 196783 MA READING 42.5242 -71.1264 27.4
MA CAPE COD MACC 41.7207 -69.9968 39.69 196681 MA PROVINCETOWN 42.05 -70.1833 6.1
MA CONCORD MACO 42.4333 -71.4333 13.53 190535 MA BEDFORD 42.4833 -71.2833 48.8
MA GREENFIELD MAGR 42.5879 -72.6003 22.98 190120 MA AMHERST 42.3861 -72.5375 45.7
MA MARSHFIELD MAMA 42.0833 -70.65 11.88 196486 MA PLYMOUTH-KINGSTON 41.9819 -70.6961 13.7
MA NANTUCKET MANA 41.2833 -70.0833 80.94 195246 MA NEW BEDFORD 41.6333 -70.9333 21.3
MA NEWBURYPORT MANE 42.75 -70.9 22.49 194105 MA LAWRENCE 42.6992 -71.1658 15.2
MA NORTHAMPTON MANO 42.3439 -72.6 6.96 190120 MA AMHERST 42.3861 -72.5375 45.7
MA QUINCY MAQU 42.2167 -70.9333 14.90 190736 MA BLUE HILL 42.2122 -71.1136 192
MA SPRINGFIELD MASP 42.1167 -72.5167 29.95 190120 MA AMHERST 42.3861 -72.5375 45.7
MA WORCHESTER MAWO 42.3167 -71.7833 35.34 199316 MA WEST MEDWAY 42.1333 -71.4333 64
NH HANOVER NHHM 43.7167 -72.2333 4.41 273850 NH HANOVER 43.7031 -72.2847 183.8
NH LACONIA-NEW HAMPTON NHLN 43.55 -71.5167 63.89 272174 NH DURHAM 43.15 -70.95 24.4
NJ BARNEGAT NJBA 39.6667 -74.1667 31.71 288816 NJ TOMS RIVER 39.95 -74.2167 30.5
NJ BOONTON NJBO 40.85 -74.3833 5.72 280907 NJ BOONTON 1 SE 40.9 -74.4 85.3
NJ CAPE MAY NJCM 39.0167 -74.8667 55.48 280325 NJ ATLANTIC CITY 39.3792 -74.4242 3
NJ GREAT SWAMP-WATCHUNG RIDGES NJGS 40.7 -74.4 10.70 287079 NJ PLAINFIELD 40.6036 -74.4025 27.4
NJ LAKEHURST NJLA 40.0167 -74.15 9.34 288816 NJ TOMS RIVER 39.95 -74.2167 30.5
NJ LONG BRANCH NJLB 40.2333 -74.0667 7.37 284987 NJ LONG BRANCH OAKHURST 40.2797 -74.0047 9.1
NJ NORTHERN GLOUCESTER COUNTY NJNG 39.7667 -75.2333 30.45 285728 NJ MOORESTOWN 39.9511 -74.9697 13.7
NJ NORTHWESTERN HUNTERDON COUNTY NJNH 40.6333 -74.9 7.92 283029 NJ FLEMINGTON 5 NNW 40.5631 -74.8831 79.2
NJ OCEANVILLE NJOC 39.4333 -74.4667 7.03 280325 NJ ATLANTIC CITY 39.3792 -74.4242 3
NJ PRINCETON NJPR 40.3333 -74.6667 11.55 283951 NJ HIGHTSTOWN 2 W 40.265 -74.5642 30.5
NJ RAMSEY NJRA 41.0833 -74.25 15.53 281582 NJ CHARLOTTEBURG RSVR 41.0347 -74.4233 231.6
NJ SUSSEX COUNTY NJSU 41.1167 -74.6333 19.86 281582 NJ CHARLOTTEBURG RSVR 41.0347 -74.4233 231.6
NY BINGHAMPTON NYBI 42.1833 -75.9667 2.82 300687 NY BINGHAMTON GREATER AP 42.2067 -75.98 486.2
NY BRONX-WESTCHESTER NYBW 40.8833 -73.75 15.47 302129 NY DOBBS FERRY ARDSLEY 41.0072 -73.8344 61
NY BROOKLYN NYBR 40.6 -73.9333 20.08 305801 NY NY CITY CNTRL PARK 40.7789 -73.9692 39.6
NY BUFFALO NYBU 43 -78.9667 19.95 301012 NY BUFFALO NIAGARA INTL 42.9408 -78.7358 214.9
NY CATSKILL-COXSACKIE NYCT 42.2833 -73.8833 41.43 193213 MA GREAT BARRINGTON 5 SW 42.145 -73.4172 249
NY CENTRAL SUFFOLK COUNTY NYCS 40.8333 -72.7833 30.44 307633 NY SETAUKET STRONG 40.9586 -73.1047 12.2
NY CHATAM NYCM 42.3667 -73.65 31.21 193213 MA GREAT BARRINGTON 5 SW 42.145 -73.4172 249
NY CONESUS-HEMLOCK-HONEOYE NYCH 42.7833 -77.6167 1.18 303773 NY HEMLOCK 42.7747 -77.6083 274.9
NY DUTCHESS COUNTY NYDC 41.6833 -73.8 13.04 306820 NY POUGHKEEPSIE 41.5997 -73.91 51.8
NY ELMIRA NYEL 42.1333 -76.8333 3.73 302610 NY ELMIRA 42.0997 -76.8358 288.6
NY FORT PLAIN NYFP 42.9333 -74.6 23.48 303319 NY GLOVERSVILLE 43.0492 -74.3592 246.9
NY GENEVA NYGE 42.8667 -76.9833 4.04 303184 NY GENEVA RSCH FARM 42.8767 -77.0308 218.8
NY HAMBURG-EAST AURORA NYHE 42.7167 -78.75 19.84 308910 NY WALES 42.7411 -78.51 332.2
NY JAMESTOWN NYJA 42.1 -79.2167 28.29 369298 PA WARREN 41.85 -79.15 368.8
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NY MOHONK LAKE NYML 41.85 -74.1333 9.27 305426 NY MOHONK LAKE 41.7681 -74.155 379.5
NY MONTAUK NYMK 41.05 -72 28.25 300889 NY BRIDGEHAMPTON 40.9464 -72.3067 18.3
NY MONTEZUMA NYMZ 43 -76.7333 17.10 300321 NY AUBURN 42.9328 -76.5447 234.7
NY MONTICELLO NYMT 41.5667 -74.6333 21.16 306774 NY PORT JERVIS 41.38 -74.6847 143.3
NY NORTHERN NASSAU COUNTY NYNN 40.8667 -73.6 25.15 302129 NY DOBBS FERRY ARDSLEY 41.0072 -73.8344 61
NY ONEIDA NYOD 43.0833 -75.65 22.71 308737 NY UTICA FAA AP 43.145 -75.3839 216.7
NY ONEONTA NYOT 42.55 -74.9833 9.22 305113 NY MARYLAND 9 SW 42.4694 -75.0106 373.4
NY ORIENT NYOR 41.1 -72.3333 17.19 300889 NY BRIDGEHAMPTON 40.9464 -72.3067 18.3
NY OSWEGO-FULTON NYOS 43.3667 -76.45 11.17 306314 NY OSWEGO EAST 43.4622 -76.4933 106.7
NY PEEKSKILL NYPE 41.25 -73.85 4.76 309670 NY YORKTOWN HEIGHTS 1 W 41.2664 -73.7975 204.2
NY PUTNAM COUNTY NYPC 41.4 -73.8 13.49 309292 NY WEST POINT 41.3906 -73.9608 97.5
NY QUOGURE-WATERMILL NYQW 40.8667 -72.4667 16.12 300889 NY BRIDGEHAMPTON 40.9464 -72.3067 18.3
NY ROCHESTER NYRH 43.2167 -77.65 11.31 307167 NY ROCHESTER INTL AP 43.1167 -77.6767 162.5
NY ROCKLAND COUNTY NYRC 41.1333 -73.9667 17.87 302129 NY DOBBS FERRY ARDSLEY 41.0072 -73.8344 61
NY SARANAC LAKE NYSL 44.3 -74.0833 10.00 304555 NY LAKE PLACID 2 S 44.2444 -73.9847 591.3
NY SMITHTOWN NYSM 40.8667 -73.2 12.98 307633 NY SETAUKET STRONG 40.9586 -73.1047 12.2
NY SOUTHERN NASSAU COUNTY NYSN 40.6167 -73.6 36.02 305801 NY NY CITY CNTRL PARK 40.7789 -73.9692 39.6
NY STATEN ISLAND NYSI 40.5833 -74.15 21.49 287079 NJ PLAINFIELD 40.6036 -74.4025 27.4
NY SYRACUSE NYSY 43.1 -76.0833 1.92 308383 NY SYRACUSE WSO AP 43.1092 -76.1033 125
NY TROY NYTR 42.8333 -73.6667 9.34 308600 NY TROY L&D 42.75 -73.6831 7.3
NY WATERTOWN NYWA 44 -76 10.35 309000 NY WATERTOWN 43.9761 -75.8753 151.5
NY WATKINS GLEN NYWG 42.3667 -76.8667 29.74 302610 NY ELMIRA 42.0997 -76.8358 288.6
PA BETHLEHEM PABH 40.6167 -75.3167 11.83 360106 PA ALLENTOWN AP 40.6508 -75.4492 118.9
PA CHAMBERSBURG PACH 39.9 -77.586 6.01 361354 PA CHAMBERSBURG 1 ESE 39.9353 -77.6394 195.1
PA CLARKSVILLE PACL 39.9333 -80.0667 29.78 369050 PA UNIONTOWN 1 NE 39.915 -79.7192 291.4
PA DALLAS PADA 41.3167 -75.9833 60.21 365915 PA MONTROSE 41.8511 -75.8583 432.8
PA ELVERSON PAEL 40.1333 -75.7667 21.24 369464 PA WEST CHESTER 2 NW 39.9708 -75.635 114.3
PA GLENOLDEN PAGL 39.9 -75.3667 24.24 369464 PA WEST CHESTER 2 NW 39.9708 -75.635 114.3
PA HARRISBURG PAHR 40.234 -76.9349 38.57 369933 PA YORK 3 SSW PUMP 39.9167 -76.75 118.9
PA LANCASTER PALA 40 -76.3667 34.03 369933 PA YORK 3 SSW PUMP 39.9167 -76.75 118.9
PA LEWISBURG PALG 40.9397 -76.9841 20.23 367931 PA SELINSGROVE 2 S 40.7831 -76.8611 128
PA LINESVILLE PALN 41.6167 -80.4 22.37 363526 PA GREENVILLE 2 NE 41.4167 -80.3667 344.4
PA LITITZ PALZ 40.1833 -76.3 21.86 364896 PA LEBANON 2 W 40.3333 -76.4667 137.2
PA LOWER BUCKS COUNTY PALB 40.1833 -74.9 26.43 285728 NJ MOORESTOWN 39.9511 -74.9697 13.7
PA NEW BLOOMFIELD PANB 40.4 -77.15 49.03 367931 PA SELINSGROVE 2 S 40.7831 -76.8611 128
PA PITTSBURG PAPI 40.5 -79.9667 66.38 366233 PA NEW CASTLE 1 N 41.0172 -80.3619 251.5
PA READING PARD 40.3667 -75.8667 8.67 367322 PA READING 4 NNW 40.4269 -75.9319 109.7
PA SCRANTON PASR 41.4167 -75.6667 40.25 367029 PA PLEASANT MT 1 W 41.7394 -75.4464 548.6
PA SOUTHEASTERN BRADFORD COUNTY PASB 41.7167 -76.2833 13.83 368905 PA TOWANDA 1 S 41.7511 -76.4431 231.6
PA STATE COLLEGE PASC 40.8 -77.8 5.72 368449 PA STATE COLLEGE 40.7933 -77.8672 356.6
PA WARREN PAWR 41.85 -79.15 0.00 369298 PA WARREN 41.85 -79.15 368.8
PA WESTCHESTER PAWC 39.9667 -75.6 3.02 369464 PA WEST CHESTER 2 NW 39.9708 -75.635 114.3
PA WYNCOTE PAWY 40.0833 -75.1667 22.31 285728 NJ MOORESTOWN 39.9511 -74.9697 13.7
PA YORK PAYO 39.8 -76.8667 16.35 369933 PA YORK 3 SSW PUMP 39.9167 -76.75 118.9
RI NEWPORT COUNTY RINC 41.5333 -71.1667 22.40 195246 MA NEW BEDFORD 41.6333 -70.9333 21.3
RI SOUTH KINGSTON RISK 41.4333 -71.55 6.40 374266 RI KINGSTON 41.4906 -71.5414 34.7
VT BENNIGTON VTBE 42.8833 -73.2 42.19 308600 NY TROY L&D 42.75 -73.6831 7.3
VT BURLINGTON VTBU 44.4667 -73.2167 5.29 431081 VT BURLINGTON WSO AP 44.4681 -73.1503 100.6
VT PLAINFIELD VTPL 44.2667 -72.4333 31.49 431360 VT CHELSEA 43.9833 -72.45 243.8
VT SAXTON'S RIVER VTSR 43.0833 -72.5167 22.42 274399 NH KEENE 42.9389 -72.3244 158.5
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CHAPTER TWO: WINTER TRENDS IN LANDBIRD ABUNDANCE AND DIVERSITY
ON BLOCK ISLAND, RHODE ISLAND
ABSTRACT
Christmas Bird Count (CBC)-style counts conducted in November, December and February on
Block Island, Rhode Island across eighteen winters (1995 – 2013) were used to describe long-
term trends in the species abundance and diversity of 103 species of landbirds on Block Island,
as well as subsets of species defined by migratory status and expected geographic distribution.
The specific objectives of this study included assessing long-term trends in abundance and
diversity of diurnal terrestrial species in winter. There was a significant negative trend in the
relative abundance of landbirds on Block Island in November and December; however, there was
no significant negative decline in landbird abundance on the February counts, which may
indicate that winter survival has increased. Although the number of birds arriving in November
and December has declined over the eighteen year period, those that remain through the winter
have a real chance at survival through the duration of the winter months, and the trend toward
larger, more northerly winter populations can translate overtime into a real demographic change
in the overall populations of those species. There was an upward trend in the diversity of
landbirds observed in November, likely due to changes in migration phenology of some migrant
species, in response to fluctuations in local weather patterns. That adaptation in behavior can also
ultimately lead to range shifts and demographic changes in a number of migratory species.
62
INTRODUCTION
Wildlife are largely predicted to shift poleward as global temperatures increase, with this
fingerprint of climate change being already observed across a range of taxonomic groups and
mostly temperate, geographic locations. However, the assumption of uni-directional distribution
shifts does not account for complex interactions among temperature, precipitation and species-
specific tolerances, all of which shape the direction and magnitude of changes in a species’
climatic niche.
Due to these complex interactions over the past four decades, some landbird populations have
successfully expanded their ranges northwards while others have suffered severe and sustained
declines. Identifying potential drivers of such population changes and range shifts is complicated
because range expansions and population declines exist across both the breeding and non-
breeding season. In migratory birds, connectivity between the breeding grounds and winter
grounds can potentially result in drivers in one season influencing population patterns in another
season. Therefore, attention needs to be focused on changes occurring in the timing of migration,
on passage sites and population transformations at winter sites.
This study focused on emerging patterns within migratory and winter landbird populations at an
isolated coastal location. I determined whether there was evidence of adaptation in phenology
and migration strategy in several migratory species; and interpreted the role of weather, climate
and environmental change on the observed trends in species abundance, diversity and
distributions in winter.
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Christmas Bird Count (CBC)-style counts conducted in November, December and February on
Block Island, Rhode Island across eighteen winters (1995 – 2013) were used to describe the
eighteen-year trends in the abundance and diversity of 103 species of landbirds wintering on
Block Island, as well as subsets of species defined by migratory status and expected geographic
distribution. Christmas Bird Count data from the early winter season provided a unique view of
migration, winter distribution changes, and the population dynamics for many species. The
counts were used to answer the following questions: Was there a trend in the abundance and/or
the composition of landbirds on Block Island across the winter season? Was there any evidence
of changes in phenology and migration strategy in any migratory species as witnessed by
increases in abundance and diversity in November and December? Does the data support
evidence of multiple species shifting their non-breeding ranges to higher latitudes? What were
the long-term patterns in the actual landbird winter populations on Block Island? For some
analyses, the landbirds were further divided into three mutually exclusive subsets based on their
winter status in the region, in order to facilitate the comparison of different populations. This
allowed me to look for commonalities behind any changes, as well as pinpoint the effects of
weather on bird populations, therefore improving the understanding of wintering bird-habitat
relationships.
METHODS
BLOCK ISLAND BIRD SURVEYS
CBC methodology was employed on all counts so that a relatively consistent number of
observers divide into separate field parties each of which surveys a different region of the circle
and tallies the total number of individuals of each species detected.
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This study was restricted to a set of diurnal terrestrial species generally detected by birding on
foot, referred to as “Landbirds”, and consists of Mourning Dove, woodpeckers, and passerines.
For some statistical analyses, these Landbirds were further divided into three mutually exclusive
subsets based on their winter status in the region (Table 1). “Migrant” species were defined as
those generally wintering south of southern New England (National Geographic Society 2006,
Conway 1992, Veit and Petersen 1993, Levine 1998); “Half-Hardy” are defined as those
previously designated as such by Mitra and Raithel (2001) and for which southern New England
is at or near the northern limit of their normal winter distributions and stereotyped southbound
migration is typically expected to have been completed well before mid-November; and “Winter
Residents,” defined as the fifteen species most numerous overall on the February counts. A
complete list of the Landbirds encountered, along with those designated as Migrants, Half-
Hardies or Winter Residents is presented in Table 1. I defined the actual Block Island landbird
population as the sixty species of landbirds consistently observed on February counts, listed in
Table 7.
STATISTICAL ANALYSIS
Variation in effort among counts was addressed by dividing all raw counts of Landbirds by the
number of party-miles on foot (foot-miles). The average number of foot-miles covered were:
29.2, 32.2, and 28.2 miles for the November, December and February counts respectively.
Landbird species totals and effort-adjusted abundances were used to analyze the winter
population trends of all 103 Landbird species observed on Block Island during the counts
referred to above. Standard linear regression models were used to analyze the significance in the
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change of each category of Landbirds, as well as each species individually, for every count
(November (NOV), December (CBC), and February (FEB) over the eighteen-year time period.
In order to identify any long term patterns in the actual winter population on Block Island, I
extracted the sixty species of Landbirds consistently observed on February counts (Table 7), and
averaged each species’ abundance in December and February for every year of the study. I used a
simple linear regression model (GLM, R function glm in R package stats) to measure the extent
of change in the population of each species and the avian winter community as a whole. Two
parametric tests were performed (also using R functionality) on the regression coefficients
including a Z-test and a one-sample t-test; and two nonparametric tests were performed including
a sign test, and a one-sample Wilcoxon signed rank test.
RESULTS
LANDBIRD ABUNDANCE AND RICHNESS
A total of 53 counts were conducted beginning with the 96th CBC on 18 December 1995 and
concluding with the 18th President’s Day Count (PDC) on 25 February 2013. A grand total of 103
species of Landbirds were recorded across all of the counts (Table 1). Forty-three species of
Landbirds present in November or December were never detected in February. Thirty-two of
these reflect occurrences of seasonally rare species such as Chimney Swift, Great Crested
Flycatcher, Red-eyed Vireo, Barn Swallow, Tennessee Warbler, etc. Eight of the species absent in
February were essentially annual in November (often in multiples and sometimes in double-digit
numbers); these are Tree Swallow, Brown Creeper, Pine Warbler, Palm Warbler, Blackpoll
Warbler, Common Yellowthroat, Baltimore Oriole and Pine Siskin. Each of these occurred on a
minimum of four December counts, except for the Pine Warbler, which was only observed once
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in December; and the Blackpoll Warbler and Baltimore Oriole which have never been observed
in December. The remaining three species absent in February are occasionally observed in early
winter including Blue-headed Vireo, Sharp-tailed Sparrow, and Lincoln’s Sparrow.
Although the abundance of Landbirds in November was by far the most variable of the three
counts, variously resembling the December value, the February value, or exceeding both, there
was a significant diminishing time trend in the relative abundance of Landbirds on Block Island
in November (average slope=-5.0, p-value=0.021). Landbird abundance in December also
exhibited a significant decline (average slope=-4.7, 0.0013) though the values remained
consistently higher than the February values in a given year, and year-to year fluctuation in these
counts varied in parallel, indicating a strong correlation between those two count, r=0.73 (Figure
1B). There was no significant trend in the abundance of landbirds observed in February. One
consequence of that is that the difference between the December abundance and the February
abundance in a given year has decreased significantly over the period of the counts (slope=-3.1,
p-value=0.002). The declining trend in species abundance in November was more pronounced
than the December decline. February abundance remained stable. This produced species
abundances that were more similar between the three counts across a single season. In recent
years, survivorship over the length of a single winter has increased. There was less of a decline in
population size over the course of one season , an indication that winter survival has increased.
Landbird species richness (Tables 2, 3 and Figure 1C) averaged 55 in November (Range 36
(2009) – 71 (2003), n=17), 45 in December (Range 31 (2011) – 51 (2008), n=18) and 36 in
February (Range 29 (1997) – 45 (2008), n=18). Although there was no significant trend in the
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diversity of landbirds on any of the counts, there was an upward trend in November (slope=2.0,
p-value= 0.142).
MIGRANT, HALF-HARDY AND WINTER RESIDENT POPULATIONS
The total number of Migrants on Block Island in November varied greatly from year to year but
totals remain relatively consistent across years in December and February. Migrant totals
averaged 69 in November (Range 9 (2011) – 271 (2005), n=17), 19 in December (Range 1
(2011) – 52 (2006), n=18) and 7 in February (Range 0 (multiple years) – 24 (2005), n=18) (Table
4, Figure 2A). The abnormally high total in November 2005 was due to an irruption of Tree
Swallows. There were 271 migrants observed on the VDC that November and of those 189 were
Tree Swallows. A similar occurrence took place in November 2007, where of the 85 migrants
observed, 77 were the American Pipit. Aside from those exceptions, the remaining VDCs showed
a more even distribution across the species in the Migrant subset. There were no significant
trends in the abundance of these migrants on any count. Migrant abundance (individuals per
foot-mile) (Table 4, Figure 2B) averaged 2.2 in November, 0.6 in December, and 0.2 in February.
Migrant abundance in December was consistently higher than the February values in a given
year (Figure 2B), which was expected among species north of their “normal” winter ranges.
Species richness of Migrants as expected, was highest in November and lowest in February.
Migrant species richness (Table 4, Figure 2C) averaged 9 in November (Range 5 (2007) – 19
(2003), n=17), 4 in December (Range 1 (2011) – 8 (1997), n=18) and 2 in February (Range 0
(multiple years) – 4 (2000), n=18).
Similar to the migrants, the total number of Half-Hardies on Block Island in November varied
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greatly from year to year. In ten of the seventeen years, the total number of Half-Hardies
observed on the CBC exceeded the corresponding VDC, whereas December values consistently
exceeded February values but varied in parallel, r=0.79 (Figure 3A). Half-Hardy totals averaged
88.5 in November (Range 12 (2009) – 258 (2005), n=17), 86 in December (Range 37 (2011) –
187 (2000), n=18) and 41.7 in February (Range 12 (1996) – 97 (2005), n=18) (Table 5, Figure
3A). The 2003 and 2005 VDCs produced abnormally high numbers of Half-Hardies. There was a
total of 193 Half-Hardies observed on the VDC in 2003; of those 82 were Swamp Sparrow and
45 were Gray Catbird, compared to these species’ November averages of 26 and 24, respectively.
In 2005, the total number of Half-Hardies counted on the VDC was 258; of those 70 were the
Gray Catbird, 67 were Hermit Thrush and 63 were Swamp Sparrow. Aside from those
exceptions, the remaining VDC’s showed a more even distribution across the species in the Half-
Hardy subset.
The total number of Half-Hardies observed on CBCs was fifty percent higher than the mean
(86=ݔ) in 2000 (187=ݔ) and 2005 .(170=ݔ) The large count of 187 Half-Hardies in December
2000 was due mostly to an influx of Hermit Thrush, 80 in December versus 31 present a month
earlier; and in 2005, of the 170 Half-Hardies counted, 96 were Gray Catbird, versus 70 in
November. Similarly to the Half-Hardy totals, the abundance in December were consistently
higher than the February values in a given year, and year-to year fluctuation in these counts
varied correspondingly, r=0.68 (Figure 3B). The number of birds-per-foot-mile within the subset
averaged 2.9 in November, 2.7 in December, and 1.5 in February (Table 5, Figure 3B), with no
significant trend in the on any of the counts. The diversity of Half-Hardies remained consistent
across the winter season averaging 6.9 in November, seven in December and 5.9 in February
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(Table 5, Figure 3C).
Similarly to the Landbirds, there was a diminishing trend in the total number of Winter Residents
on Block Island in November (average slope=-4.2, p-value=0.009) and December (average
slope=-4.2, p-value=0.001); and the number of birds observed was more closely correlated
between the three counts across a single season in recent years. Winter resident totals averaged
3000.2 in November (Range 963 (2009) – 5361 (2005), n=17), 3138.4 in December (Range 1081
(2011) – 6491 (1998), n=18) and 2224.2 in February (Range 1333 (1995) – 4213 (1998), n=18)
(Table 6, Figure 4A). Winter Resident abundance averaged 100.4 in November, 95.2 in
December, and 79.1 in February (Table 6, Figure 4B). Comparable to the Landbirds and Half-
Hardies, the abundance in December was consistently higher than the February values in a given
year, and year-to year fluctuation in these counts varied in parallel, r=0.73 (Figure 4B). However
two CBC values stand out: 6491 Winter Residents counted in December of 1998; and 5396
Winter Residents observed in December of 2001. Both higher than average (3138.4=ݔ) values
were due in part to an abundance of Yellow-rumped Warblers and European Starlings. Winter
Resident diversity (Table 6, Figure 4C) averaged 14.9 on all counts.
LONG-TERM TRENDS IN THE ACTUAL WINTER POPULATION
I used the average of December and February values as an estimate of each winter’s abundance
for each species. This was further justified because the actual number of individuals of a given
species was not expected to differ greatly between December and February of a given year, and
that the dataset confirms that, overall, December values were robust predictors of February
values. The data indicates a small but significant decline in the average abundance of the actual
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winter population over the last eighteen years (average slope=-0.1, p-value=0.002) however the
average decline was disproportionately influenced by two species, the Yellow-rumped Warbler
(slope=-4.0, p-value=9.85-5) and the European Starling (slope=-2.1, p-value=0.001). When the
abundance of those two species are removed from the equation, there was no significant long-
term time trend in the actual winter population of landbirds on Block Island. Therefore, each
species must be considered individually; the 34 that witnessed declines opposed to the
abundance of the 26 species that are on the rise (Table 7).
DISCUSSION
Overall there appears to be a notable reduction in the total number of landbirds observed on
Block Island in winter. The diminishing trend in landbird abundance in November was more
pronounced than the December decline, while February landbird abundance remained stable,
producing species abundances that were more similar between the three counts within a single
winter. One explanation for this is that winter survivorship has increased.
Although there was no significant trend in the diversity of landbirds on any of the counts, an
upward slope in November is visible. The 43 species whose only occurrence involved unique
events on November or December counts might be regarded as seasonal vagrants, lagging far
behind the vast majority of conspecifics, whose potential persistence into the southern New
England winter would be fortuitous and dependent on favorable circumstances, most notably
mild weather. Individuals of these species are hardly expected locally even in November, but if
present then, might just as easily remain throughout the CBC period if weather permits their
survival. The increase in vagrants in November could be considered an adaptation in migration
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phenology in response to changes in local weather patterns and one possible outcome is that it
will ultimately lead to range shifts in a number of migratory species.
Systematic detection biases were consistent among years and unlikely to have produced any
significant effect on detection rates and population size over the course of an individual winter
season and absolutely not over the eighteen-years of the study. This was obvious in that increases
in some species and decreases for others were observed on the same days, under the same
circumstances of weather, effort, skill and technique (Mitra and Raithel 2001). Although some
might question the study’s inclusion of certain species whose very small samples sizes were
vulnerable to accidents of sampling, collectively such species provided useful qualitative
information that would have been lost had they been ignored (Mitra and Raithel 2001). There
was some inevitable arbitrariness in the classification of various species, however decisions on
which species to include was based on a priori considerations and previous results by Mitra and
Raithel (2001) and were necessary to facilitate testing of predictions in change in diversity and
abundance.
The total number of Migrants on Block Island in November varied greatly from year to year but
the observed count numbers remained relatively consistent in December with an anticipated
corresponding decline on the February counts. The variation in the number of migrants observed
in November from year-to-year was another indication of the sensitivity and responsiveness of
migrants to fluctuating weather conditions. The species with better plasticity in migration timing
and the potential to shift their non-breeding ranges to higher latitudes in response to warmer and
drier conditions in the north could potentially benefit from a shorter migration distance and the
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advantage of remaining closer to the breeding grounds if they are able to survive the winter
without succumbing to the winter conditions that occur late in the season.
The Half-Hardies are a group of migrant species for whom New England is at or near the
northern limit of their normal winter range that appear to already be benefiting from shorter
migrations distances and closer proximity to their breeding grounds. This group exhibited an
even greater adaptive response to changing weather conditions than the Migrants. Similar to the
Migrants and the Landbirds, the number of Half-Hardies on Block Island in November varied
greatly from year-to-year; again likely in response to weather patterns. However, in ten of the
seventeen years included in this study, the total number of Half-Hardies observed on the
Christmas Bird Count exceeded the corresponding Veteran’s Day Count, indicating a drastic
change in migratory behavior as their stereotyped southbound migration is typically completed
well before mid-November.
The fact that significant negative trends in the occurrence of birds on Block Island were limited
to the November and December counts for the Landbirds and all three subsets, with no consistent
decline in the number of birds observed on the corresponding February count, was a strong
indication of increased survivorship of the wintering populations. All subsets showed the
anticipated corresponding decline on the February counts but there was no indication of an
unexpected regression. This suggests that the birds arriving in November and December and
remaining through the winter have a realistic chance at survival. It is reasonable to believe that
regional-scale climate change and/or moderately warmer and drier local conditions in
conjunction with habitat change are contributing to the inferred increase in survivorship and the
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trend toward larger, more northerly winter populations will translate overtime into a real
demographic change in the overall populations of those species.
It appears the plasticity of landbirds to changing environmental conditions will shape the
direction and magnitude of changes in a species’ climatic niche. It will determine which landbird
populations have will be able to successfully expand their ranges northwards while those that
cannot adapt will suffer severe and sustained declines. Although there was the indication that
many species are taking advantage of favorable circumstances, most notably mild weather in the
months of fall and winter, the overall decline in the number of birds observed on the counts is
cause for concern.
This study illustrates the declining trend in landbird abundance in November and December.
Recent broad-scale habitat loss along migration flyways has increased concern about the
conservation of many migratory species that already face pressures from anthropogenic changes
on their breeding and wintering grounds. In the northeastern United States urban land covers
approximately one third of the region, considerably limiting the amount of suitable habitat
available to birds migrating through this area (Seewagen TBD, Dettmers and Rosenberg 2000).
To implement effective conservation strategies, it is imperative to unravel the levels of
migratory connectivity, differences in the timing of migration, and identification of the extent to 
which local-scale habitat change and regional-scale climatic change overlap with the spatial
distribution of population change.
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TABLES






Mourning Dove WR 17 18 18 178 FEB
Chimney Swift 1 0 0 1 NOV
Belted Kingfisher 15 14 7 8 DEC
Red-headed Woodpecker 1 0 0 1 NOV
Red-bellied Woodpecker 14 12 10 8 NOV
Yellow-bellied Sapsucker 4 2 1 4 NOV
Downy Woodpecker 17 18 18 38 NOV
Hairy Woodpecker 6 7 5 4 NOV
Northern Flicker WR 17 18 18 186 DEC
Eastern Phoebe M 7 1 1 6 NOV
Great Crested Flycatcher 1 0 0 1 NOV
Northern Shrike 1 4 1 15 DEC
White-eyed Vireo 1 0 0 1 NOV
Blue-headed Vireo M 6 0 0 1 NOV
Red-eyed Vireo 2 0 0 1 NOV
Blue Jay 17 18 18 58 NOV
American Crow WR 17 18 18 603 DEC
Fish Crow 16 17 16 47 DEC
Horned Lark 5 2 5 34 FEB
Tree Swallow M 5 4 0 189 NOV
Cave Swallow 2 0 0 1 NOV
Petrochelidon sp. 1 0 0 2 NOV
Barn Swallow 1 0 0 41 NOV
Swallow sp. 1 0 0 1 NOV
Black-capped Chickadee WR 17 18 18 218 FEB
Tufted Titmouse 0 0 0 0 N/A
Red-breasted Nuthatch 14 17 15 137 DEC
White-breasted Nuthatch 7 8 6 5
NOV
DEC
Brown Creeper 12 4 0 6
NOV
DEC
Carolina Wren WR 17 18 18 247 NOV
House Wren M 5 6 1 5 NOV
Winter Wren HH 15 17 11 24 NOV
Marsh Wren HH 10 11 3 5 DEC
Golden-crowned Kinglet 17 16 7 101 NOV
Ruby-crowned Kinglet M 17 14 6 29 NOV
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Blue-gray Gnatcatcher 1 0 0 1 NOV
Eastern Bluebird 9 2 2 69 NOV
Hermit Thrush HH 17 18 18 80 DEC
American Robin WR 17 18 18 1188 NOV
Gray Catbird HH 17 18 18 96 DEC
Northern Mockingbird WR 16 18 18 53 DEC
Brown Thrasher 14 15 8 15 NOV
European Starling WR 17 18 18 1795 DEC
American Pipit M 15 9 3 77 NOV
Cedar Waxwing 17 13 6 221 NOV
Tennessee Warbler 2 0 0 1 NOV
Orange-crowned Warbler 12 6 2 3 NOV
Nashville Warbler M 3 0 0 1 NOV
Northern Parula M 2 0 0 1 NOV
Cape May Warbler M 4 1 0 1 NOV
Black-throated Blue
Warbler M 2 0 0 3
NOV
Yellow-rumped Warbler WR 17 18 18 1814 DEC
Black-throated Green
Warbler 1 0 0 1
NOV
Yellow-throated Warbler 1 0 0 1 NOV
Pine Warbler M 7 1 0 6 NOV
Prairie Warbler M 4 1 0 2 NOV
Palm Warbler M 15 8 0 32 NOV
Blackpoll Warbler M 7 0 0 5 NOV
American Redstart 1 0 0 1 NOV
Northern Waterthrush 1 0 0 1 NOV
Common Yellowthroat 13 7 0 8 NOV
Wilson's Warbler 0 1 0 1 DEC
Yellow-breasted Chat 7 7 2 2
NOV
DEC
Western Tanager 1 0 0 1 NOV
Eastern Towhee HH 17 18 18 29 DEC
American Tree Sparrow 7 15 14 60 DEC
Chipping Sparrow M 11 1 1 29 NOV
Clay-colored Sparrow 1 0 0 1 NOV
Field Sparrow 15 17 5 16 DEC
Vesper Sparrow M 5 0 0 1 NOV
Lark Sparrow M 1 0 0 1 NOV
Ipswich Sparrow 9 12 5 8 NOV
Savannah Sparrow M 15 12 7 29 NOV
Grasshopper Sparrow 1 0 0 1 NOV
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Nelson's ST Sparrow 1 1 0 2 NOV
Saltmarsh ST Sparrow 1 0 1 1 NOV
Sharp-tailed Sparrow Sp. 2 3 0 3 NOV
Seaside Sparrow M 1 0 0 1 NOV
Fox Sparrow HH 11 16 15 18 DEC
Song Sparrow WR 17 18 18 473 DEC
Lincoln's Sparrow M 3 2 0 1
NOV
DEC
Swamp Sparrow HH 17 18 17 82 NOV
White-throated Sparrow WR 17 18 18 577 NOV
White-crowned Sparrow HH 13 10 6 21 NOV
Slate-colored Junco 17 18 18 530 NOV
Oregon Junco 0 1 0 1 DEC
Lapland Longspur 8 0 1 6 NOV
Snow Bunting 14 10 3 511 NOV
Northern Cardinal WR 17 18 18 166 FEB
Rose-breasted Grosbeak M 2 0 0 2 NOV
Indigo Bunting M 3 0 0 1 NOV
Dickcissel M 4 1 0 2 NOV
Red-winged Blackbird WR 17 17 16 644 NOV
Eastern Meadowlark M 10 11 8 31 DEC
Rusty Blackbird M 6 1 5 6 DEC
Common Grackle 12 4 10 140 NOV
Brown-headed Cowbird 16 9 8 73 NOV
Baltimore Oriole 8 0 0 4 NOV
Pine Grosbeak 0 0 0 0 N/A
Purple Finch 12 6 1 9 NOV
House Finch WR 17 18 18 137 FEB
Red Crossbill 4 4 4 99 NOV
White-winged Crossbill 4 4 4 199 DEC
Common Redpoll 3 5 3 103 FEB
Pine Siskin 9 5 0 139 NOV
American Goldfinch 17 18 18 799 NOV
Evening Grosbeak 0 0 0 0 N/A
House Sparrow WR 17 18 18 301 FEB
1 Migratory species wintering south of Southern New England (see text).
2 Half-Hardy species for which southern New England is near the northern limit of their normal winter range (see
text).
3 Winter Resident species – the 15 most numerous on February counts (see text).
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Table 2: Summary of Winter Bird Counts on











November 1996 316 27.0 46 84.9 2.53
1997 317 23.0 54 124.9 4.36
1998 318 29.5 52 170.2 6.74
1999 312 31.0 64 247.3 6.15
2000 317 36.5 54 170.5 5.27
2001 316 37.5 65 173.8 4.41
2002 315 34.5 45 110.8 3.80
2003 310 34.0 71 135.4 3.60
2004 310 29.0 59 108.1 3.16
2005 316 37.5 70 125.6 2.78
2006 315 28.5 56 141.0 3.92
2007 314 20.5 52 101.6 2.77
2008 312 20.5 53 128.2 3.42
2009 316 20.0 36 54.1 1.95
2010 315 30.0 51 80.8 2.31
2011 314 21.0 45 84.7 2.19
2012 316 36.0 64 88.1 1.90
Average 315 29.2 55 125.3 1.38
December 1995 352 26.5 49 154.9 5.28
(CBC) 1996 358 34.0 46 104.0 3.86
1997 356 36.5 48 149.7 6.21
1998 355 41.0 49 170.3 5.92
1999 354 40.5 42 80.1 2.82
2000 355 29.0 47 168.0 5.17
2001 351 42.5 50 137.3 4.44
2002 364 39.8 43 101.0 3.29
2003 373 28.8 41 69.5 1.94
2004 357 29.5 40 104.2 2.98
2005 356 31.5 48 94.9 2.79
2006 355 30.0 43 75.9 2.20
2007 354 26.5 45 118.8 3.47
2008 352 34.3 51 93.0 2.63
2009 354 27.0 42 80.0 2.04
2010 350 29.0 45 86.0 2.34
2011 363 23.0 31 51.0 1.55
2012 355 31 48 71.2 1.77
Average 356 32.2 45 106.1 3.35
78
February 1996 50 16.0 32 98.3 1.38
1997 49 20.0 29 64.0 2.62
1998 47 28.5 37 101.4 4.32
1999 46 28.0 38 158.1 5.81
2000 52 38.5 37 64.8 2.19
2001 50 42.0 39 97.4 3.32
2002 49 30.0 35 101.5 3.45
2003 60 32.0 30 81.6 2.38
2004 47 32.0 35 78.1 2.73
2005 50 23.0 34 84.3 2.31
2006 51 30.0 38 63.2 1.59
2007 55 29.5 36 67.7 1.94
2008 47 29.0 45 91 2.36
2009 52 27.0 38 102 3.15
2010 46 28.0 32 53 1.23
2011 52 24.5 37 82 1.63
2012 51 31.0 35 61 1.47
2013 56 18.0 35 93 2.02
Average 51 28.2 36 85.6 1.11
1 Landbirds defined as Mourning Dove, woodpeckers, and passerines.
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81.6 78.1 84.3 63.2 67.7 90.8
101.
6
52.5 81.7 61.5 92.9 85.6 23
Landbird Diversity
NOV 46 54 52 64 54 65 45 71 59 70 56 52 53 36 51 45 64 55 9
DEC 49 46 48 49 42 47 50 43 41 40 48 43 45 51 42 45 31 48 45 5
FEB 32 29 37 38 37 39 35 30 35 34 38 36 45 38 32 37 35 35 36 4
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
NOV 20 42 31 81 97 62 20 136 46 271 89 85 36 16 72 9 59 69 60
DEC 35 7 33 37 11 13 22 14 4 34 16 52 8 21 5 27 1 4 19 14
FEB 6 0 10 2 3 10 22 1 8 0 24 13 3 3 9 12 0 1 7 7
Migrant
Abundance
NOV 0.7 1.8 1.1 2.6 2.7 1.7 0.6 4.0 1.6 7.2 3.1 4.1 1.8 0.8 2.4 0.4 1.6 2.2 2
DEC 1.3 0.2 0.9 0.9 0.3 0.4 0.5 0.4 0.1 1.2 0.5 1.7 0.3 0.6 0.2 0.9 0.0 0.1 0.6 0
FEB 0.4 0.0 0.4 0.1 0.1 0.2 0.7 0.0 0.3 0.0 0.8 0.4 0.1 0.1 0.3 0.5 0.0 0.0 0.2 0
Migrant
Diversity
NOV 6 7 8 13 8 13 6 19 12 16 12 5 7 6 6 6 10 9 4
DEC 4 3 8 6 3 4 5 2 3 4 5 7 3 4 4 4 1 3 4 2
FEB 1 0 3 2 2 4 2 1 1 0 3 3 2 2 2 3 0 1 2 1
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
NOV 32 37 68 113 136 135 51 193 49 258 113 51 69 12 54 50 83 88.5 62
DEC 64 72 50 122 49 187 116 109 79 58 170 61 92 104 55 57 37 66 86.0 41
FEB 23 12 27 71 33 73 40 37 60 19 97 37 62 48 20 39 34 19 41.7 22
Half-Hardy
Abundance
NOV 1.2 1.6 2.3 3.6 3.7 3.6 1.5 5.7 1.7 6.9 4.0 2.5 3.4 0.6 1.8 2.4 2.3 2.9 2
DEC 2.4 2.1 1.4 3.0 1.2 6.4 2.7 2.7 2.7 2.0 5.4 2.0 3.5 3.0 2.0 1.9 1.6 2.1 2.7 1
FEB 1.4 0.6 0.9 2.5 0.9 1.7 1.3 1.2 1.9 0.8 3.2 1.3 2.1 1.8 0.7 1.6 1.1 1.1 1.5 1
Half-Hardy
Diversity
NOV 7 5 6 7 8 8 6 7 6 8 7 8 8 5 7 6 8 6.9 1
DEC 5 7 7 7 6 8 7 7 6 6 7 7 8 8 8 8 6 8 7.0 1
FEB 4 5 6 5 6 5 5 5 6 5 8 7 7 7 6 7 6 6 5.9 1
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1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
NOV 1988 2290 4603 5079 5361 4902 3588 3714 2470 3026 3375 1630 2276 963 1854 1529 2356 3000.2 1314
DEC 3453 3158 4725 6491 3040 4382 5396 3687 1823 2832 2630 2071 2836 2680 1967 2349 1081 1891 3138.4 1336




NOV 73.6 99.6 156.0 163.8 146.9 130.7 104.0 109.2 85.2 80.7 118.4 79.5 111.0 48.2 61.8 72.8 65.4 100.4 33
DEC 130.3 92.9 129.5 158.3 75.1 151.1 127.0 92.8 63.4 96.0 83.5 69.0 107.0 78.2 72.9 78.3 47.0 61.0 95.2 31




NOV 15 15 15 15 15 15 15 15 15 15 15 15 15 14 15 15 15 14.9 0
DEC 15 15 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 14.9 0
FEB 14 14 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 14.9 0
8
3
Table 7: Eighteen-Year Trends in the Winter Population of Landbirds on Block Island, Rhode Island (1995 - 2013)
By Slope:
Species Slope p-value adjusted p-value
Yellow-rumped Warbler -3.988 0.000 0.001
European Starling -2.090 0.001 0.076
American Robin -0.601 0.117 1.000
White-throated Sparrow -0.531 0.034 1.000
Northern Flicker -0.337 0.000 0.005
American Crow -0.274 0.142 1.000
Slate-colored Junco -0.201 0.025 1.000
Red-breasted Nuthatch -0.176 0.005 0.314
Northern Mockingbird -0.082 0.000 0.014
White-winged Crossbill -0.066 0.325 1.000
American Goldfinch -0.055 0.066 1.000
Cedar Waxwing -0.054 0.387 1.000
Hermit Thrush -0.051 0.127 1.000
Eastern Meadowlark -0.039 0.017 1.000
Snow Bunting -0.035 0.034 1.000
American Tree Sparrow -0.020 0.359 1.000
Red Crossbill -0.019 0.104 1.000
Eastern Towhee -0.018 0.171 1.000
Northern Shrike -0.012 0.087 1.000
Belted Kingfisher -0.009 0.009 0.535
Blue Jay -0.009 0.731 1.000
Eastern Bluebird -0.007 0.088 1.000
Brown-headed Cowbird -0.005 0.663 1.000
Common Grackle -0.004 0.419 1.000
Purple Finch -0.003 0.284 1.000
Savannah Sparrow -0.003 0.507 1.000
Field Sparrow -0.002 0.753 1.000
Ruby-crowned Kinglet -0.002 0.618 1.000
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Rusty Blackbird -0.001 0.600 1.000
White-breasted Nuthatch -0.001 0.734 1.000
Hairy Woodpecker -0.001 0.733 1.000
Orange-crowned Warbler -0.001 0.669 1.000
Yellow-bellied Sapsucker -0.001 0.280 1.000
Brown Thrasher 0.000 0.938 1.000
House Wren 0.000 0.982 1.000
Chipping Sparrow 0.000 0.603 1.000
Eastern Phoebe 0.001 0.245 1.000
Yellow-breasted Chat 0.001 0.221 1.000
Marsh Wren 0.002 0.436 1.000
Swamp Sparrow 0.005 0.649 1.000
Red-bellied Woodpecker 0.005 0.073 1.000
Golden-crowned Kinglet 0.008 0.596 1.000
Ipswich Sparrow 0.009 0.024 1.000
Downy Woodpecker 0.010 0.504 1.000
White-crowned Sparrow 0.011 0.022 1.000
Fox Sparrow 0.012 0.261 1.000
Gray Catbird 0.013 0.704 1.000
American Pipit 0.022 0.072 1.000
Horned Lark 0.024 0.164 1.000
Winter Wren 0.025 0.031 1.000
House Finch 0.036 0.576 1.000
Common Redpoll 0.039 0.470 1.000
Mourning Dove 0.089 0.446 1.000
Fish Crow 0.103 0.000 0.007
Black-capped Chickadee 0.176 0.060 1.000
Red-winged Blackbird 0.204 0.045 1.000
Northern Cardinal 0.261 0.004 0.228
Song Sparrow 0.340 0.025 1.000
Carolina Wren 0.368 0.000 0.023
House Sparrow 0.615 0.003 0.186
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FIGURES
Figure 1: Landbirds on CBC-Style Counts Conducted in November, December and February on Block Island,
Rhode Island (1995 – 2013)
A) Trends in Species Abundance










































































Figure 2: Migrants on CBC-Style Counts Conducted in November, December and February on Block Island,
Rhode Island (1995 – 2013)
A) Trends in Species Abundance











































































Figure 3: Half-Hardies on CBC-Style Counts Conducted in November, December and February on Block Island,
Rhode Island (1995 – 2013)
A) Trends in Species Abundance

















































































Figure 4: Winter Residents on CBC-Style Counts Conducted in November, December and February on Block Island,
Rhode Island (1995 – 2013)
A) Trends in Species Abundance


















































































Figure 5: Long-Term Trends in the Winter Population of Landbirds on Block Island, Rhode Island (1995 – 2013)
A) Abundance of Wintering Landbirds
B) Abundance of Wintering Landbirds Excluding the Yellow-rumped Warbler and the European Starling
C) Abundance of the Yellow-rumped Warbler
D) Abundance of the European Starling
E) Simple Linear Regression for Each Species





CHAPTER THREE: THE INCREASE IN ABUNDANCE OF HALF-HARDY LANDBIRDS
NEAR THE NORTHERN LIMITS ON THEIR HISTORICAL WINTER RANGES
ABSTRACT
Christmas Bird Count (CBC)-style counts conducted in November, December and February on
Block Island, Rhode Island across eighteen winters (1995 – 2013), as well as the body
measurements and hydrogen isotope concentrations contained in the feathers of two half-hardy
species wintering within Sandy Hook National Park in New Jersey, provided evidence of
facultative, post-migratory movements among certain migrant landbird species. The species that
increased in abundance on Block Island between November and December were composed of
both half-hardy species, for which southern New England is at or near the northern limit of
normal winter distributions and for which southbound migration is typically expected to have
been completed before mid-November, and the typical winter resident species. Several true late
fall migrants (the species most likely to continue migration November-December) occurred most
in November and were essentially absent by December, while the most numerous winter
residents of Block Island, typically occurred at relatively stable abundance in November and
December and at somewhat lower abundance in February. The wing length and body mass of 75
Hermit Thrush and Gray Catbird wintering within Sandy Hook National Park, indicated that
these half-hardy wintering birds are not simply injured, diseased, or otherwise unfit individuals
unable to migrate. This casts doubt on the popular assumption that the diminution of half-hardy
species from mid- to late-winter must reflect mortality rather than post-migratory dispersal. The
stable isotopes of hydrogen contained in their feathers indicated that the majority of the captured
birds were sampled at the approximate latitude where they spent the previous breeding season,
providing further evidence of facultative, post-migratory movements. These uncharacteristic
movements imply that these species were adaptively exploiting a new resource. In doing so, they
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benefited by avoiding the cost of long distance migration, while gaining the additional advantage
of remaining closer to the breeding grounds. In conclusion, this study mitigates concerns that the
early-winter timing of CBCs exposes them to the presence of lingering southbound migrants;
supports the distinction between late migrants and half-hardy wintering species in northeastern
North America; and provides evidence of facultative, post-migratory movements among certain
migrant landbird species.
INTRODUCTION
Christmas Bird Count (CBC)-style counts conducted in November, December and February on
Block Island, Rhode Island across eighteen winters (1995 – 2013) mitigate any concerns that the
early-winter timing of CBCs exposes them to the widespread presence of lingering southbound
migrants in northeastern North America. In addition, statistical analyses of these counts
confirmed the distinction between late migrants and half-hardy wintering species in the region.
Those results were further supported by the body measurements and hydrogen isotope
concentrations contained in the feathers of two half-hardy species, the Hermit Thrush and the
Gray Catbird. These species were captured while wintering within Sandy Hook National Park in
New Jersey during the winters of 2009/2010 and 2010/2011. The stable isotopes of hydrogen
contained in their feathers indicated that the majority of the captured birds were sampled at the
approximate latitude where they spent the previous breeding season, while the average to large
size of these half-hardy wintering birds signified that they are not simply injured, diseased, or
otherwise unfit individuals unable to migrate. Instead, their location and size provided evidence
of facultative, post-migratory movements, casting doubt on the popular assumption that the
diminution of half-hardy species from mid- to late-winter must reflect mortality rather than post-
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migratory dispersal.
The Christmas Bird Count has tracked early winter populations in North American birds for
more than a century and is applicable to assess changes in the abundance and distribution of most
species. However, the early winter timing of the counts (mid-December – early-January) may
precede southbound migration of some species in much of North America (Peterjohn 2000). The
most important consequence of this early winter timing is that the CBC data are suspected to be
more variable than they would be if they were collected later, closer to the nadir of seasonal
movement in late January.
Potential causes of population change include: migration, facultative dispersal, and mortality.
Mortality presumably affected all species encountered, regardless of the significance of the other
two factors. Although mortality’s quantitative effects might be expected to vary considerably
from year to year and from species to species, qualitatively it must affect all winter populations
in the same manner, diminishing them to varying extents in the absence of reproductions,
immigration and emigration.
Population changes on Block Island due to stereotyped migration were determined by a
combination of a priori knowledge of a species’ phenology and an empirical pattern of regular
occurrence on November counts and absence on February counts. Migratory patterns vary by
species and sometimes within the same species, with almost any conceivable pattern possible and
visible in one or more species. Short distance migrants include species that are permanent
residents in most of their range, but with migratory tendencies on the edges or in pockets of their
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range. Medium distance migrants tend to exhibit a variety of irregular patterns of north/south
migration but remain in North America. Approximately 350 species fall into the Neotropical
migrant category. These are the long distance migrants that breed in the United States and
Canada and winter in the Caribbean, Mexico, Central America and South America. A more
welcome consequence of the early winter timing of the CBC has been the regular presence of
numerous “half-hardy” lingerers on counts throughout the continent, birds that have been
interpreted as late medium or long-distance migrants, likely to withdraw after the onset of severe
weather, or birds likely to perish after the onset of severe weather.
Thus the real challenge was to identify instances where facultative dispersal was likely an
important cause of changes in occurrence specifically in the half-hardy lingerers. The extent to
which migratory landbirds undertake major facultative movements outside of typical migratory
periods is poorly known (Gauthreaux 1982), and such movements have seldom been documented
(Niles et al. 1969, Terrill and Crawford 1988). I predicted that facultative dispersal would vary
from year to year but ultimately result in unexpected increased abundance of certain migratory
species in December.
Southern New England is at or close to the northern limits of the normal winter distributions for
many species of medium and long-distance migrants (National Geographic Society 2006). These
species typically return to their breeding areas later in the spring than do short-distance migrants;
raise a single brood (vs. two or three for many short-distance migrants); undergo a complete
prebasic molt, in which all of their feathers are replaced, while still on the breeding grounds; then
depart to the south long before cold weather arrives. But early winter records have been
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increasing rapidly in coastal areas and the northernmost wintering populations not only appear to
be growing rapidly, but are also expanding northward, to within just a few hundred miles of the
northern limits of their breeding range. In contrast, the breeding ranges of these species have
shown little change over the same time period.
For example, the presence of hundreds or possibly thousands of Gray Catbirds in coastal areas of
the northeastern United States during December, 2,000+ km from the species’ core winter range,
is strikingly incongruous for a species whose life history is otherwise so typically that of a
neotropical migrant. If the increasing number of medium and long-distance migrants observed in
the coastal areas of the northeast during winter were simply injured, diseased, or otherwise unfit
and unable to migrate, which formerly perished earlier in the winter, and which still ultimately
perish, then the trend toward larger, more northerly winter populations would not actually
translate into any real demographic change in the overall population. This is not the case. The
individuals that breed towards the northerly edges of their breeding ranges are drastically
reducing the distance travelled during autumn migration. This adaptation is likely due to climate
change and seasonal weather, as migration distances are negatively correlated with winter
temperatures (Visser et al. 2009).
Recent analyses of historical records have shown that climate in the northeastern United States
has changed over the past 100 years, with significantly larger changes observed since 1970.
However, because of the steep climatic gradients, oceanic influences on coastal regions, and
substantial variations in topography over relative short distances, temporal changes in climate-
related variable differ across the region (Huntington et al. 2011, Dingman 1981, Keim et al.
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2003, 2005, Trombaulak and Wolfson 2004). Surface air temperatures have warmed across the
region by 0.08 ± 0.01°C/decade (mean ± 1 SE) over the last century (Huntington et al. 2011,
Keim et al, 2003, Tromulak and Wolfson 2004, Hayhoe et al. 2007). This rate has increased
significantly over the recent three decades to a rate of 0.25 ± 0.01°C/decade (Huntington et al.
2011, Hayhoe et al. 2007). The greatest changes over the last 35 years occurred in winter (Dec.-
Jan.-Feb.), which as warmed at 0.70 ± 0.05°C/decade, compared with an increase of 0.12 ±
0.02°C/decade during summer (June-July-August) (Huntington et al. 2011, Hayhoe et al. 2007).
The general trend toward a warmer climate might allow migrants to survive in areas where they
previously could not, by virtue of higher average temperatures, higher low temperatures, briefer
durations of freezing conditions, or reduced snowcover. All of these climatic factors are also
likely to influence the plant and arthropod communities on which wintering birds depend
(Renfrew et al. 2013).
The medium and long-distance migrants present in coastal areas such as Block Island and Sandy
Hook during winter are likely exploiting the warmer climate and the associated resource
changes. This work focused on those species whose populations exhibited an increasing trend
over the course of the study, and consistently increased between November and December. This
was done in order to determine which migratory species undertook facultative post-migratory
movements and under what circumstances these over water movements were made. The ultimate
objectives were to: confirm the distinction between late migrants and half-hardy wintering
species in northeastern North America; determine the circumstances that best predict the
mechanisms of movement between November and December; determine the true winter status of
the species making those movements; and to distinguish between post-migratory movements and
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mortality as the agents of diminution landbird species from mid- to late-winter.
METHODS
BIRD SURVEYS
Block Island, Rhode Island
CBC methodology was employed on all counts so that a relatively consistent number of
observers divide into separate field parties each of which surveys a different region of the circle
and tallies the total number of individuals of each species detected.
The analyses done in this this study were restricted to a set of diurnal terrestrial species generally
detected by birding on foot, referred to as “Landbirds”, and consists of Mourning Dove,
woodpeckers, and passerines. For some analysis, these Landbirds were further divided into three
mutually exclusive subsets based on their winter status in the region. “Migrant” species were
defined as those generally wintering south of southern New England (National Geographic
Society 2006, Conway 1992, Veit and Petersen 1993, Levine 1998); “Half-Hardy” species were
those previously designated as such by Mitra and Raithel (2001) and for which southern New
England is at or near the northern limit of their normal winter distributions and stereotyped
southbound migration is typically expected to have been completed well before mid-November;
and “Winter Residents,” defined as the fifteen species most numerous overall on the February
counts. A complete list of the Landbirds encountered, along with the designation of some as
Migrants, Half-Hardies or Winter Residents, is presented in Table 1 and Landbird species totals
and abundance for all 53 counts are summarized in Table 2.
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Sandy Hook National Park, New Jersey
My primary field approach within Sandy Hook National Park from 2009 through 2011, involved
the operation of mistnets to capture and mark individual birds throughout the year. During the
breeding Season (15 May – 15 August) sampling involved the operation of mistnets at fixed
positions for five hours at a time beginning prior to sunrise, in accordance with the protocol
established by the continent-wide MAPS program (Monitoring Avian Survivorship and
Productivity: Desante 1992). When the Gray Catbirds were captured, they were aged by presence
or absence molt limits (second calendar-year, or SY, catbirds retain juvenal flight feathers,
whereas after second-year, or ASY, catbirds do not) and sex was assessed by evidence of
reproductive condition (males show cloacal protuberances and females show vascularized brood
patches when breeding). The wing chord (wing length measured from the wrist to the tip of the
longest primary) and mass was measured for every bird. Individuals identified as resident
breeders on the basis of breeding condition or recapture during a later ten-day period were
marked with three plastic color bands in addition to an aluminum U.S. Fish and Wildlife band
providing a unique combination by which they could be individually identified in the field, even
without subsequent captures. One color was reserved to indicate summer resident status and
included in the combinations of presumed breeders only. One tail feather will be removed for
stable isotope analysis from Catbirds captured early in the breeding season prior to beginning
their molt to determine breeding or natal origins. By analyzing the recapture frequency
distribution of presumed breeders within seasons (e.g., never recaptured, recaptured once, twice,
etc.), it was possible to calculate the likelihood that an individual breeder would be captured at
least once if present, providing an estimate of total breeding population. Furthermore, it was
possible to make inferences about the breeding- or winter-resident status of individual birds even
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during periods of potential migration (e.g., 15 Apr-31 May and 15 Aug-15 Nov) by reading color
band combinations on the legs of birds in the field.
During the interval between southbound and northbound migration in 2009/2010 and 2010/2011,
I located and then captured wintering Hermit Thrush and Gray Catbirds in strategically placed
mistnets throughout the park. Individuals captured for the first time as winter residents were
marked with three plastic color bands in addition to an aluminum U.S. Fish and Wildlife band
providing a unique combination by which they can be individually identified in the field, even
without subsequent recaptures. The birds were aged by presence or absence of molt limits
(second calendar-year, or SY, catbirds retain juvenal flight feathers, whereas after second-year, or
ASY, catbirds do not), and the wing chord (wing length measured from the wrist to the tip of the
longest primary) and mass were measured for every bird. According to Pyle (2001), during
November and December, greater than 95% of these species should be aged as either Hatching
Year (HY) or After Hatching Year (AHY). January through April, the birds were aged as either
Second Year (SY) or After Second Year (ASY). These birds cannot be sexed in the hand during
winter. A tail feather was collected from each newly encountered bird for stable isotope analysis
which was carried out by the Cornell University Stable Isotope Laboratory. The results of the
stable isotope analysis from the breeding birds, as well as feathers collected during migration,





The Gray Catbird (Dumatella carolinensis) is a medium-sized, long-tailed songbird that breeds
throughout much of eastern North America, from southern Alberta to Nova Scotia, and
southward to northeastern Arizona, eastern Texas, and northern Florida. It is one of the most
widely distributed breeding birds in New York State (Bull 1998). Most catbirds winter in Central
America and the Caribbean, with smaller numbers wintering northward along the United States’
Gulf and southern Atlantic coasts. In New York State, catbirds typically arrive in early May and
have departed by mid October, but early winter records have been increasing rapidly in coastal
areas such as Block Island, Rhode Island; Long Island, New York; and New York City: the
average statewide total from combined Christmas Bird Counts (CBCs) jumped from an average
of 33 per year during the 1960s to 228 per year from 2001 – 2010 (National Audubon Society
2009). The northernmost wintering populations not only appear to be growing rapidly, but are
also expanding northward, to within just a few hundred miles of the northern limits of the
breeding range. In contrast, the breeding range of the Gray Catbird has shown little change over
the same time period.
Gray Catbirds share a number of life history traits with other species breeding in temperate North
America and wintering in the Neotropics. Adults return to their breeding areas en masse and later
in the spring than do short-distance migrants; catbirds breeding in New England raise a single
brood (vs. two or three for many short-distance migrants); undergo a complete prebasic molt, in
which all of their feathers are replaced, while still on the breeding grounds; then depart to the
south long before cold weather arrives. As in many other species, the prebasic molt of hatching-
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year catbirds is incomplete, with juvenal primaries, secondaries, and rectrices retained.
Hermit Thrush
Hermit Thrush (Catharus guttatus), is a medium-sized thrush with a brown back, reddish tail and
spots on the breast. It is one of the most widely distributed forest-nesting, migratory birds in
North America and the only member of its genus likely to be seen in the United States in the
winter. Hermit Thrushes are less dependent on wintering habitat in the tropics than are the other
thrushes, which may be one reason the population is doing as well as it is. It breeds from Alaska
east to northern Ontario and southern Labrador and Newfoundland, south to southwestern United
States and, in the east, to southern New England, New York, including the coastal plain of Long
Island, and in the mountains to Maryland, West Virginia, and western Virginia. It is a common
but often localized breeder throughout New York State that is widely distributed, ranging from
the cool wooded slopes of the Adirondacks and Catskills to the hot, dry, sandy pine-oak
woodlands of Long Island. Most hermit thrush winter through interior Mexico to Guatemala and
El Salvador, with smaller numbers wintering northward in southern Texas and along the United
States’ Gulf coast (Bull 1998). In New York State, hermit thrush typically arrive in late-
March/early-April and have departed by mid-October, but early winter records have been
increasing rapidly in coastal areas such as Block Island, Rhode Island; Long Island and New
York City, New York; the average statewide total from combined Christmas Bird Counts (CBCs)
jumped from an average of 28 per year during the 1960s to 197 per year from 2001 – 2010
(National Audubon Society 2009).
The presence of hundreds or thousands of gray catbirds and hermit thrush in coastal New York
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during December, 2,000+ km from the species’ core winter range, is strikingly incongruous for
species’ whose life history is otherwise so typically that of a Neotropical migrant. Many believe
that the catbirds and hermit thrushes recorded on CBCs are what I refer to as “passive victims”.
The Passive Victim Hypothesis states that if some proportions of these birds are completely
unable to migrate due to inadequate fat stores, injury or illness, they might still survive for
varying amounts of time before succumbing to winter conditions and the individuals whose
numbers appear to be increasing on New York State CBCs are birds of this kind, and that they
persisting longer in the winter in recent years—perhaps just long enough to be counted on CBCs.
If this were true then the trend toward larger, more northerly winter populations would not be
actually translating into any real demographic change in the overall population. Winter range
expansions of this kind are of considerable interest because they might reflect changes in habitat
quality due to climate and/or urbanization and because the ecological and evolutionary
significance of rapidly changing winter populations have received little attention previously.
STATISTICAL ANALYSES
The observed numbers of landbirds and the number of birds-per-mile were used to study the
winter population changes of the 103 Landbird species in comparison to the Migrant, Half-
Hardy, and Winter Resident subsets tallied on Block Island during the counts referred to above
(Tables 1, 2). The observed values were used to describe the proportion of Landbird species
declining to those increasing between November and December and between December and
February each year. The Pearson's chi-squared (χ2) test of independence was used to assess
whether the paired proportions, expressed in a contingency table, were independent of each other
(Table 3). A log-linear model for a simple contingency table was used to summarize the
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population proportion changes for each subset (Table 4).
I used birds-per-mile to determine the number of, and which, species abundance changed
between November and December, and again between December and February for each season
included in the study. The corresponding percent difference was used to compare the full set of
Landbird species to the Migrant, Half-Hardy, and Winter Resident subsets (Tables 5, 6).
Both numerical and graphical methods were used to test the normality of the change in the birds-
per-mile data. In order to determine normality graphically, I used the output of a normal Q-Q
Plot. All of the data did not appear to be normally distributed, so the Shapiro-Wilk Test,
appropriate for small sample sizes (<50 samples) was used as the numerical means of confirming
which changes in average abundance for each subset were not normally distributed (Table 7).
A Student’s t-statistic was calculated for the abundance changes between November and
December and again between December and February for the entire set of Landbirds, as well as
the subsets for which the change was normally distributed. The non-parametric two-tailed
Wilcoxon Signed-Rank Test was used on the remaining subsets to determine whether the
distribution changes through the winter season were identical each year, without assuming them
to follow the normal distribution. The Pearson's chi-squared (χ2) test of independence was used
to assess whether the paired observed abundance when expressed in a contingency table, were
independent of each other (Table 8).
To determine whether the November abundance were predictive of December counts and if the
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December abundance were predictive of the February counts, I applied the Pearson product-
moment correlation coefficient, a measure of the linear correlation (dependence) widely used in
the sciences as a measure of the strength of linear dependence between variables. In addition, a
simple linear regression was applied to the data to question the predictive power of one count on
another (Table 9).
Population trajectories from November to December and from December to February were
calculated for each species by creating a standardized abundance (Table 10). The standardized
abundance is the number of birds-per-foot-mile in November and February divided by the
December number of birds-per-foot-mile. This was done for each year and every species within
the full set of Landbirds, as well as all three subsets, in order to facilitate testing of predictions
concerning winter population trajectories (Table 11). Changes in average abundance >20%
between successive counts were considered qualitatively meaningful, whereas those <20% were




A total of 53 counts were conducted beginning with the 96th CBC on 18 December 1995 and
concluding with the 18th President’s Day Count (PDC) on 25 February 2013. (Tables 1, 2). The
proportion of species declining to those increasing between November and December varied
widely (Table 3), and the seventeen-year average did not prove to be significant for the full set of
Landbirds or any of the subsets. In contrast to the November-December interval, during which
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changes in Landbird proportions were variable, a clear significant decline was observed between
December and February reflecting a consistent diminution for the vast majoring of Landbird
species encountered (seventeen-year average=35:11, χ2=16.46, p-value=0.011) (Table 4).
The seventeen year average change in birds-per-foot-mile between November and December was
-0.17 birds-per-mile for the Landbirds which was a seventeen year average decline of -5.3%.
This overall pattern of decline was even more clearly well defined among the Migrant subset
(23.91%). However, there was a large increase in the average percent change in abundance of
Half-Hardies (23.68%) and Winter Residents (19.23%) during the same interval (Tables 5, 6).
The values remained consistently higher in December than February in a given year. The two
years with exceptional average percentage increases recorded (although not statistically
significant), 2005-2006 and 2008-2009 can be attributed to extraordinary increases in European
Starlings between December and February (4833.8% and 8438.5%, respectively). Comparisons
restricted to the subsets were qualitatively similar to the overall Landbird sample; in other words,
the trend of diminishing Landbird abundance between December and February was comparable
among species north of their “normal” winter range (Tables 5, 6).
The average change in birds-per-foot-mile between November-December and December-
February did follow a normal distribution for the full set of Landbirds (W=0.88, p-value=0.035
and W=0.87, p-value=0.021); for the change in the birds-per-foot-mile of Migrants between
November and December (W=0.88, p-value=0.035 and W=0.74, p-value= 4-4); and the change in
the birds-per-foot-mile of Half-Hardies (W=0.71, p-value=1-4) and Winter Residents (W=0.88, p-
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value=0.028) from December to February (Table 7).
The results of the significance tests (Table 8) were inconclusive in determining whether the
distribution changes through the winter season were consistently identical each year, or if the
paired observed abundance were reliably independent of each other. There was no observable
pattern in the limited number of years that witnessed significant changes; and the seventeen-year
average change in birds-per-foot-mile also did not prove to be meaningful for the full set of
Landbirds or any of the subsets.
Predictive Power of the Bird Counts
Although there was no obvious pattern in which subsets and years experienced noteworthy
changes in abundance based on the significance tests that examine means, the Pearson product-
moment correlation coefficient and the results of the linear regressions demonstrated the
predictive power of one count on the forthcoming count. There was a strong correlation of the
November abundance with the December abundance for the Landbirds (r=0.95, r2=0.9, p<2-16),
Winter Residents (r=0.93, r2=0.85, p-value=6.43-07), and to a slightly lesser extent, the Half-
Hardies (r=0.86, r2=0.7, p-value=0.006). The values remain consistently higher in December
than February in a given year, and year-to year fluctuation in these counts varied in parallel for
the full set of Landbirds and all three subsets. The strongest correlation was had by the Landbirds
(r=0.98, r2=0.96, p-value<2-16), followed logically by the Winter Residents (r=0.97, r2=0.92, p-
value=5.03-09), the Half-Hardies (r=0.96, r2=0.91, p-value=1-4), and the Migrants (r=0.94,
r2=0.94, p-value=4.41-12) (Table 9).
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Standardized Trajectories
There were an unexpected number of qualitative types of average trajectories on Block Island
over the period November-December-February (1995 – 2013), eight in total: increase/increase
(A), increase/stasis (B), increase/decrease (C), stasis/stasis (D), stasis/decrease (E),
decrease/increase (F), decrease/stasis (G) and decrease/decrease (H). All four illustrations are
presented in Figure 1. Trajectory H (decrease/decrease) was clearly illustrated among the migrant
subset (Table 10) as it was the most likely trajectory for migrant species bound for wintering
areas well to the south of Block Island. These species are likely to be present in November in
moderate to large numbers but are expected to occur in somewhat smaller numbers thereafter or
even decrease abruptly thereafter (even to the point of complete absence by December). The
Eastern Meadowlark was the one exceptional species within the Migrant subset that did not fit
Trajectory H and instead was representative of Trajectory C (increase/decrease) (Table 11, Figure
1).
Trajectory D (stasis/stasis) was representative of the full set of Landbirds as well as the Winter
Resident subset, whereas as a grouping, the Half-Hardy subset was characterized by Trajectory E
(stasis/decrease) (Table 11, Figure 1). Among the Half-Hardy species, there were three species
that did not fit the profile among the group and perhaps whose winter status should be
reconsidered. The Winter Wren, Swamp Sparrow and White-crowned Sparrow were identified as
Half-Hardies, however all three were characterized by Trajectory H (decrease/decrease), and as
such should be defined as Migrants (late migrants/lingerers). The other five Half-Hardies showed
predictable trajectories: Trajectory C (increase/decrease) for the Marsh Wren, Eastern Towhee
and Fox Sparrow, and Trajectory E (stasis/decrease) for the Hermit Thrush and Gray Catbird
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(Table 6, Figure 2). For these five species, their December abundance consistently exceeded their
respective November values, which implied that many individuals of these species, which by
definition generally winter south of Southern New England, arrived on Block Island between
November and December. Trajectory C (increase/decrease) clearly reflected the arrival of
numerous individuals between mid-November and mid-December, either by stereotyped
migration or by facultative dispersal. If the former can be excluded than this trajectory was
strongly indicative of the latter. Trajectory E (stasis/decrease) was generally equivocal with
regard to post-migratory movements. It most likely reflects genuine stasis with no significant
immigration, emigration, or mortality between November and December, followed by mortality
and/or post-migratory withdrawal December to February. This trajectory was predicted to
characterize Block Island’s most numerous and characteristic Winter Residents, both migratory
and sedentary.
However, the fifteen winter residents exhibited a surprising number of different trajectories
(Table 10, Figure 1); six of the eight trajectories can be seen among the Winter Resident group
without one trajectory in particular dominant. Despite this variation, the majority of the Winter
Resident trajectories were predicative of the most numerous and characteristic Winter Residents
of Block Island’s thickets, in that they showed increasing or stable abundance from November to
December, followed by stasis or slight decreases from December to February. Trajectory A
(increase/increase) was indicated by two very hardy species, the House Finch and the House
Sparrow; Trajectory B (increase/stasis) was seen in the Black-capped Chickadee, Northern
Mockingbird, and the Northern Cardinal; Trajectory C (increase/decrease) was illustrated by the
Yellow-rumped Warbler; Trajectory D (stasis/stasis) was representative of the Mourning Dove,
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American Crow, and the Carolina Wren; Trajectory E (stasis/decrease) was indicated by the
Northern Flicker, European Starling, Song Sparrow and White-throated Sparrow; Trajectory F
(decrease/increase) by the Red-winged Blackbird; and Trajectory G (decrease/stasis) by the
American Robin.
STABLE ISOTOPE ANALYSIS
Sandy Hook National Park, New Jersey
The body measurements of two half-hardy species, Hermit Thrush and Gray Catbird taken
during the interval between southbound and northbound migration in 2009/2010 and 2010/2011,
indicate that these birds are not simply injured, diseased, or otherwise unfit individuals unable to
migrate but are in fact healthy individuals of typical size and weight. The average wing chord of
all of the captured Hermit Thrush was 91.2mm (Range=87-95mm, n=15), which is within the
normal range of 78-110mm for both sexes (Pyle 1997) and the average body mass of all captured
thrushes was 32.61g (Range=28.5-38.2g, n=15), which is toward the upper limit of the normal
range of 23–37g (Cornell Lab of Ornithology 2013). The average wing chord of the captured
Gray Catbirds was 88.4mm (Range=82-92mm, n=76), which is within the normal range of 81-
99mm for both sexes (Pyle 1997) and the average body mass of all captured birds was 36.95g
(Range=28.5-38.2g, n=15), which is well within the normal range of 23.2–56.5g (Cornell Lab of
Ornithology 2013) (Table 12).
The ratio of stable hydrogen isotopes (2H/1H) is expressed in delta notation (δD), where 
δD=[(hydrogen isotope ratiosample/hydrogen isotope ratiostandard) – 1] x 1,000. Consequently, δD is 
parts per thousand (‰) deviation from the standard, that is, standard mean ocean water
109
(vSMOW). The significant relationship between latitude and hydrogen isotope ratios across the
winter grounds indicated that many birds were sampled at the approximate latitude where they
spent the previous breeding season (Table 12, Figure 3). The latitudinal breeding range of the
wintering Hermit Thrush was δD=-33.37 – -113.00 (n=15) with the majority of the individuals 
with values between δD=-62.11 – -98.09 (n=12). The latitudinal breeding range of the wintering 
Gray Catbirds were similar δD=-21.30 – -97.15 (n=76), although the majority of the values were 
from a more restricted band, δD=-60.31 – -79.62 (n=55). 
DISCUSSION
Christmas Bird Count (CBC)-style counts conducted in November, December and February on
Block Island, Rhode Island across eighteen winters (1995 – 2013) were used to describe the
basic patterns underlying the dynamics of winter bird populations on Block Island, which was
achieved without explicitly identifying the underlying mechanisms. The data were used to:
determine if the proportion of birds increasing versus decreasing between November-December
and December-February was significant; if the change in birds-per-foot-mile between the
November-December counts and December-February counts was significant; and to determine
whether the November abundance were predictive of December counts and/or if the December
abundance were predictive of the February counts. There was no obvious pattern in which
subsets and years experienced noteworthy changes in abundance based on the significance tests,
however those tests are for independent means only, and have virtually nothing to say about
individual species (Good 1953). The correlation tests, regression models and individual species
trajectories provided a more telling story.
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The results of those analyses confirmed the distinction between late migrants and half-hardy
wintering species while alleviating any concerns that the early-winter timing of CBCs exposes
them to the widespread presence of lingering southbound migrants in northeastern North
America (Peterjohn 2000). Species that maintained stable abundance or increased between
November and December on Block Island were composed of both half-hardy species for which
southern New England is at or near the northern limit of normal winter distributions, and for
which stereotyped southbound migration is typically expected to have been completed before
mid-November, and the typical winter resident species (Mitra and Raithel 2001). Therefore, the
birds detected on the December counts are more likely to be attempting to winter than actually
migrating, and consequently the CBCs were little influenced by the fluctuations of late fall
migration.
The best explanation for this is that the Block Island winter populations are being augmented
under some circumstances by individuals dispersing from the New England interior, over a
considerable water barrier, long after normal southbound migration has ceased (Mitra and
Raithel 2001). These movements, which could result in inland winter population declines among
birds near the northern limits of their winter ranges, might easily be mistaken for mortality and
therefore overlooked. Although it was not surprising to observe stability or increases in the over
winter population size of winter resident species, the increase of half-hardy species was
unexpected and indicative of facultative, post-migratory movement. It established that even the
latest migrants in this area (among the thicket-dwelling species) are likely to have peaked by
mid-November (Mitra and Raithel 2001).
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December values of birds-per-foot mile consistently exceeded February values and varied in
parallel. These predictable declines in birds-per-foot-mile from December to February were
observed in the majority of species each year, and were qualitatively similar in all three subsets
of species: the most migratory species, generally wintering south of southern New England; the
half-hardy species, for which southern New England is at or near the northern limit of normal
winter distributions; and the winter resident species most numerous on Block Island in February.
I interpreted this pattern as further evidence that the December counts track the actual winter
populations and were little influenced by the fluctuations of late fall migration.
The mid-winter declines of most of the half-hardy species on Block Island were no greater than
the declines of several more numerous and characteristic wintering species. Also, many half-
hardy species’ trajectories resemble those of the more numerous and characteristic wintering
species, both migratory and sedentary. This supports the distinction between late migrants and
half-hardy wintering species in northeastern North America, and cast doubts on the population
assumption that the diminution of half-hardy species from mid- to late winter must reflect
mortality rather than post-migratory dispersal (Mitra and Raithel 2001).
The stable isotopes of hydrogen contained in the feathers of the Hermit Thrush and Gray
Catbirds wintering within Sandy Hook National Park in New Jersey, are representative of a
significant relationship between latitude and hydrogen isotope ratios across the winter grounds
(Chamberlain et al. 1997, Hobson and Wassenaar 1997). The majority of the captured birds were
sampled at the approximate latitude where they spent the previous breeding season, providing
evidence of facultative, post-migratory movements.
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The best explanation for this is that the Sandy Hook winter populations are partially composed of
half-hardy species that have shortened their southbound migration distances considerably, and
partially composed of individuals dispersing from the New England and mid-Atlantic interior
(Mitra and Raithel 2001). All of these individuals are evidently adaptively exploiting a new
resource; and theoretically benefitting by avoiding the cost of long distance migration while
gaining an advantage by remaining closer to the breeding grounds. This reduction in migratory
activity in an important evolutionary process in the adaption of migratory birds because it
reduces migration costs and facilitates the rapid adjustment to the shifts in the time of food
availability during reproduction (Pulido and Berthold 2010). Ultimately it could lead to the
evolution of partial migration residency in exclusively migratory bird populations (Pulido and
Berthold 2010), in conjunction with northerly range shifts, and the eventual disappearance of
more southerly populations (Studds et al. 2008).
The body measurements of the sampled birds were well within the normal range for each species
(Cornell Lab of Ornithology 2013), and actually the average body mass of the Hermit Thrush
was at the upper limit of the normal range (Cornell Lab of Ornithology 2013), emphasizing that
these individuals were not simply incapacitated, unhealthy, or otherwise unfit individuals, unable
to migrate, which formerly perished earlier in the winter, and which still ultimately perish. These
half-hardy species are not passive victims; instead they are model organisms for migratory
plasticity (Gienapp et al. 2007), in that they have successfully modified their migratory behavior
and shifted their non-breeding ranges to higher latitudes (Studds et al. 2008). Their winter
populations are on the rise and are contributing to a real demographic change in their overall
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populations.
The general trend toward a warmer climate (mean January temperatures in the 48 contiguous
United States have risen almost 5 degrees Fahrenheit during the last 40 years, according to a
2009 Audubon Report) might allow for a number of migrant landbirds to survive in areas where
they previously could not, by virtue of higher average temperatures, higher low temperatures,
briefer durations of freezing conditions, or reduced snowcover (Renfrew et al. 2013). It is likely
that the reduction in snowcover over the last few decades has contributed to the northward
expansion of half-hardy species because many of these birds do much of their foraging on the
ground, hopping along, picking food up from the leaf litter or soil (Bull 1998). In addition, all of
these climatic factors are also likely to influence the plant and arthropod communities on which
wintering landbirds depend (Renfrew et al. 2013).
Habitat transformations arising not from climate change, but from land use practices is the other
potential cause of species’ shifting winter distributions (Root 1998). There has been a sizeable
increase in preferable habitats for many species: semi-open areas with dense, low-growth, where
shrubs and vines retain persistent fruit, such as catbrier, bittersweet, honeysuckle, poison ivy and
sumac (Root 1998), or well-stocked feeding stations (Bull 1998). Potentially, the increase in
fragmented forests, early-successional habitats, edge habitats and suburbia has created
abandoned fields and power-line corridors, allowing not only half-hardies but a larger number of
winter residents as well, to winter in areas never before suitable because these areas contain
many of the plant species that make up their winter diet.
114
The Eastern Meadowlark is an example of a species that appears to be adversely affected by
changes in land-use, particularly decreased acreage in pasture, hay fields, and natural grasslands.
It was the one exceptional species within the Migrant subset that did not fit the Migrant
trajectory and instead represented Trajectory C (increase/decrease). That increase between
November and December was very interesting and definitely unexpected of this species that
prefers larger, adjacent areas of grazed pastures and grasslands; according to the State of the
Birds 2011 report, more than 95% of their distribution is on private lands. Their breeding range
extends from southeastern Canada, west to the Great Plains and Great Lakes regions, and south
along the Appalachian Mountain corridor (Dunn and Alderfer 2011). Eastern Meadowlarks
remain year-round throughout much of the grasslands of the eastern United States, but in the
winter, those individuals living in the northern-most portions of the breeding range will migrate
to southern areas in order to forage (Dunn and Alderfer 2011). That eighteen-year average
abundance increase between November and December could be driven by degradation of
suitable winter habitat north and inland of Block Island.
In conclusion, the results supported predictions very closely and confirmed several important
suppositions concerning the status of landbird species wintering in northeastern, North America.
Bracketing a long-standing CBC with similar counts in November and February successfully
clarified the winter status of many species on Block Island. In a coastal region replete with half-
hardy species that are rare or unknown on CBCs inland, I was able to confirm that late December
landbird counts were in fact, robust indicators of mid-winter abundance of a broad array of
species ranging from neotropical migrant landbirds, to those at the northern edges of their winter
distributions, to the most numerous and characteristic winter residents in the area. Variation in
115
population patterns between counts and between years, yielded some provocative insights into
the relative roles of dispersal and mortality as the proximal causes of species declines.
Facultative winter movements of half-hardies in particular, but of other species as well, must be




Table 1: Records of Landbirds on Winter Counts on Block Island, RI (1995-2013)





Mourning Dove WR 17 18 18 178 FEB
Chimney Swift 1 0 0 1 NOV
Belted Kingfisher 15 14 7 8 DEC
Red-headed Woodpecker 1 0 0 1 NOV
Red-bellied Woodpecker 14 12 10 8 NOV
Yellow-bellied Sapsucker 4 2 1 4 NOV
Downy Woodpecker 17 18 18 38 NOV
Hairy Woodpecker 6 7 5 4 NOV
Northern Flicker WR 17 18 18 186 DEC
Eastern Phoebe M 7 1 1 6 NOV
Great Crested Flycatcher 1 0 0 1 NOV
Northern Shrike 1 4 1 15 DEC
White-eyed Vireo 1 0 0 1 NOV
Blue-headed Vireo M 6 0 0 1 NOV
Red-eyed Vireo 2 0 0 1 NOV
Blue Jay 17 18 18 58 NOV
American Crow WR 17 18 18 603 DEC
Fish Crow 16 17 16 47 DEC
Horned Lark 5 2 5 34 FEB
Tree Swallow M 5 4 0 189 NOV
Cave Swallow 2 0 0 1 NOV
Petrochelidon sp. 1 0 0 2 NOV
Barn Swallow 1 0 0 41 NOV
Swallow sp. 1 0 0 1 NOV
Black-capped Chickadee WR 17 18 18 218 FEB
Tufted Titmouse 0 0 0 0 N/A
Red-breasted Nuthatch 14 17 15 137 DEC
White-breasted Nuthatch 7 8 6 5
NOV
DEC
Brown Creeper 12 4 0 6
NOV
DEC
Carolina Wren WR 17 18 18 247 NOV
House Wren M 5 6 1 5 NOV
Winter Wren HH 15 17 11 24 NOV
Marsh Wren HH 10 11 3 5 DEC
Golden-crowned Kinglet 17 16 7 101 NOV
Ruby-crowned Kinglet M 17 14 6 29 NOV
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Blue-gray Gnatcatcher 1 0 0 1 NOV
Eastern Bluebird 9 2 2 69 NOV
Hermit Thrush HH 17 18 18 80 DEC
American Robin WR 17 18 18 1188 NOV
Gray Catbird HH 17 18 18 96 DEC
Northern Mockingbird WR 16 18 18 53 DEC
Brown Thrasher 14 15 8 15 NOV
European Starling WR 17 18 18 1795 DEC
American Pipit M 15 9 3 77 NOV
Cedar Waxwing 17 13 6 221 NOV
Tennessee Warbler 2 0 0 1 NOV
Orange-crowned Warbler 12 6 2 3 NOV
Nashville Warbler M 3 0 0 1 NOV
Northern Parula M 2 0 0 1 NOV
Cape May Warbler M 4 1 0 1 NOV
Black-throated Blue
Warbler M 2 0 0 3
NOV
Yellow-rumped Warbler WR 17 18 18 1814 DEC
Black-throated Green
Warbler 1 0 0 1
NOV
Yellow-throated Warbler 1 0 0 1 NOV
Pine Warbler M 7 1 0 6 NOV
Prairie Warbler M 4 1 0 2 NOV
Palm Warbler M 15 8 0 32 NOV
Blackpoll Warbler M 7 0 0 5 NOV
American Redstart 1 0 0 1 NOV
Northern Waterthrush 1 0 0 1 NOV
Common Yellowthroat 13 7 0 8 NOV
Wilson's Warbler 0 1 0 1 DEC
Yellow-breasted Chat 7 7 2 2
NOV
DEC
Western Tanager 1 0 0 1 NOV
Eastern Towhee HH 17 18 18 29 DEC
American Tree Sparrow 7 15 14 60 DEC
Chipping Sparrow M 11 1 1 29 NOV
Clay-colored Sparrow 1 0 0 1 NOV
Field Sparrow 15 17 5 16 DEC
Vesper Sparrow M 5 0 0 1 NOV
Lark Sparrow M 1 0 0 1 NOV
Ipswich Sparrow 9 12 5 8 NOV
Savannah Sparrow M 15 12 7 29 NOV
Grasshopper Sparrow 1 0 0 1 NOV
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Nelson's ST Sparrow 1 1 0 2 NOV
Saltmarsh ST Sparrow 1 0 1 1 NOV
Sharp-tailed Sparrow Sp. 2 3 0 3 NOV
Seaside Sparrow M 1 0 0 1 NOV
Fox Sparrow HH 11 16 15 18 DEC
Song Sparrow WR 17 18 18 473 DEC
Lincoln's Sparrow M 3 2 0 1
NOV
DEC
Swamp Sparrow HH 17 18 17 82 NOV
White-throated Sparrow WR 17 18 18 577 NOV
White-crowned Sparrow HH 13 10 6 21 NOV
Slate-colored Junco 17 18 18 530 NOV
Oregon Junco 0 1 0 1 DEC
Lapland Longspur 8 0 1 6 NOV
Snow Bunting 14 10 3 511 NOV
Northern Cardinal WR 17 18 18 166 FEB
Rose-breasted Grosbeak M 2 0 0 2 NOV
Indigo Bunting M 3 0 0 1 NOV
Dickcissel M 4 1 0 2 NOV
Red-winged Blackbird WR 17 17 16 644 NOV
Eastern Meadowlark M 10 11 8 31 DEC
Rusty Blackbird M 6 1 5 6 DEC
Common Grackle 12 4 10 140 NOV
Brown-headed Cowbird 16 9 8 73 NOV
Baltimore Oriole 8 0 0 4 NOV
Pine Grosbeak 0 0 0 0 N/A
Purple Finch 12 6 1 9 NOV
House Finch WR 17 18 18 137 FEB
Red Crossbill 4 4 4 99 NOV
White-winged Crossbill 4 4 4 199 DEC
Common Redpoll 3 5 3 103 FEB
Pine Siskin 9 5 0 139 NOV
American Goldfinch 17 18 18 799 NOV
Evening Grosbeak 0 0 0 0 N/A
House Sparrow WR 17 18 18 301 FEB
1 Migratory species wintering south of Southern New England (see text).
2 Half-Hardy species for which southern New England is near the northern limit of their normal winter range (see
text).
3 Winter Resident species – the 15 most numerous on February counts (see text).
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Table 2: Summary of Winter Bird Counts on











Veterans (VDC) 1996 316 27.0 46 84.9 2.53
1997 317 23.0 54 124.9 4.36
1998 318 29.5 52 170.2 6.74
1999 312 31.0 64 247.3 6.15
2000 317 36.5 54 170.5 5.27
2001 316 37.5 65 173.8 4.41
2002 315 34.5 45 110.8 3.80
2003 310 34.0 71 135.4 3.60
2004 310 29.0 59 108.1 3.16
2005 316 37.5 70 125.6 2.78
2006 315 28.5 56 141.0 3.92
2007 314 20.5 52 101.6 2.77
2008 312 20.5 53 128.2 3.42
2009 316 20.0 36 54.1 1.95
2010 315 30.0 51 80.8 2.31
2011 314 21.0 45 84.7 2.19
2012 316 36.0 64 88.1 1.90
Average 315 29.2 55 125.3 1.38
Christmas (CBC) 1995 352 26.5 49 154.9 5.28
1996 358 34.0 46 104.0 3.86
1997 356 36.5 48 149.7 6.21
1998 355 41.0 49 170.3 5.92
1999 354 40.5 42 80.1 2.82
2000 355 29.0 47 168.0 5.17
2001 351 42.5 50 137.3 4.44
2002 364 39.8 43 101.0 3.29
2003 373 28.8 41 69.5 1.94
2004 357 29.5 40 104.2 2.98
2005 356 31.5 48 94.9 2.79
2006 355 30.0 43 75.9 2.20
2007 354 26.5 45 118.8 3.47
2008 352 34.3 51 93.0 2.63
2009 354 27.0 42 80.0 2.04
2010 350 29.0 45 86.0 2.34
2011 363 23.0 31 51.0 1.55
2012 355 31 48 71.2 1.77
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Average 356 32.2 45 106.1 3.35
Presidents (PDC) 1996 50 16.0 32 98.3 1.38
1997 49 20.0 29 64.0 2.62
1998 47 28.5 37 101.4 4.32
1999 46 28.0 38 158.1 5.81
2000 52 38.5 37 64.8 2.19
2001 50 42.0 39 97.4 3.32
2002 49 30.0 35 101.5 3.45
2003 60 32.0 30 81.6 2.38
2004 47 32.0 35 78.1 2.73
2005 50 23.0 34 84.3 2.31
2006 51 30.0 38 63.2 1.59
2007 55 29.5 36 67.7 1.94
2008 47 29.0 45 91 2.36
2009 52 27.0 38 102 3.15
2010 46 28.0 32 53 1.23
2011 52 24.5 37 82 1.63
2012 51 31.0 35 61 1.47
2013 56 18.0 35 93 2.02
Average 51 28.2 36 85.6 1.11
1 Landbirds defined as Mourning Dove, woodpeckers, and passerines.
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Table 3: Changes in the Proportion of Landbirds Observed between November and December and between December and February on Block Island, Rhode Island (1995 - 2013)
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
LANDBIRDS VDC to CBC Species Decrease:Increase 15:33 25:32 19:33 53:11 38:16 39:25 23:31 67:7 37:24 59:10 40:15 23:32 27:32 12:35 28:22 33:15 51:7
Pearson's chi-squared (χ2) 6.75 0.8596 3.7692 27.5625 8.963 3.0625 1.1852 48.6486 2.7705 34.7971 11.3636 1.4727 0.4237 11.2553 0.72 6.75 33.3793
p-value 0.0094 0.3538 0.0522 1.52E-07 0.0028 0.0801 0.2763 3.06E-12 0.0960 3.66E-09 0.0007 0.2249 0.5151 0.0008 0.3961 0.0094 7.58E-09
CBC to PDC Species Decrease:Increase 47:2 42:4 42:5 42:6 28:11 35:11 46:5 33:9 22:!7 33:8 38:13 31:13 29:17 38:12 32:8 34:15 13:24 36:11
Pearson's chi-squared (χ2) 41.3265 31.3913 29.1277 27 7.4103 12.5217 32.9608 13.7143 7.7586 15.2439 12.2549 7.3636 3.1304 13.52 14.4 7.3673 3.2703 13.2979
p-value 1.29E-10 2.11E-08 6.78E-08 2.04E-07 0.006485 0.0004022 9.40E-09 0.0002 0.0053 9.45E-05 0.0005 0.0067 0.0768 0.0002 0.0001 0.006642 0.0706 0.0002657
MIGRANTS VDC to CBC Species Decrease:Increase 5:2 4:5 6:2 13:0 7:1 11:1 5:2 19:0 10:3 16:0 9:2 4:2 7:2 6:2 4:0 1:0 3:1
Pearson's chi-squared (χ2) 1.2857 0.1111 2 13 4.5 8.3333 1.2857 19 3.7692 16 4.4545 0.6667 2.7778 2 4 1 1
p-value 0.2568 0.7389 0.1573 0.0003 0.0339 0.0039 0.2568 1.31E-05 0.0522 6.33E-05 0.0348 0.4142 0.0956 0.1573 0.0455 0.3173 0.3173
CBC to PDC Species Decrease:Increase 4:0 3:0 6:1 6:0 3:0 3:3 4:1 2:1 3:1 4:0 5:3 7:1 3:0 3:1 4:2 4:0 6:1 10:0
Pearson's chi-squared (χ2) 4 3 3.5714 6 3 0 1.8 0.3333 1 4 0.5 4.5 3 1 0.6667 4 3.5714 10
p-value 0.0455 0.0833 0.0588 0.0143 0.0833 1.0000 0.1797 0.5637 0.3173 0.0455 0.4795 0.0339 0.0833 0.3173 0.4142 0.0455 0.0588 0.0016
HALF-HARDIES VDC to CBC Species Decrease:Increase 0:5 2:5 0:6 4:2 2:5 4:3 1:6 7:1 4:3 5:3 4:3 1:7 1:7 0:8 2:5 4:4 5:1
Pearson's chi-squared (χ2) 5 1.2857 6 0.6667 1.2857 0.1429 3.5714 4.5 0.1429 0.5 0.1429 4.5 4.5 8 1.2857 0 2.6667
p-value 0.0254 0.2568 0.0143 0.4142 0.2568 0.7055 0.0588 0.0339 0.7055 0.4795 0.7055 0.0339 0.0339 0.0047 0.2568 1.0000 0.1025
CBC to PDC Species Decrease:Increase 5:0 7:1 7:0 6:1 4:2 8:0 6:0 7:0 3:3 5:1 6:2 5:2 7:1 7:1 7:0 6:2 3:2 8:0
Pearson's chi-squared (χ2) 5 4.5 7 3.5714 0.6667 8 6 7 0 2.6667 2 1.2857 4.5 4.5 7 2 0.2 8
p-value 0.0254 0.0339 0.0082 0.0588 0.4142 0.0047 0.0143 0.0082 1.0000 0.1025 0.1573 0.2568 0.0339 0.0339 0.0082 0.1573 0.6547 0.0047
WINTER RESIDENTS VDC to CBC Species Decrease:Increase 4:11 3:!2 2:13 11:4 9:6 4:11 5:10 12:3 4:11 11:4 9:6 0:15 6:9 1:14 4:11 8:7 11:2
Pearson's chi-squared (χ2) 3.2667 3 8.0667 3.2667 0.6 3.2667 1.6667 5.4 3.2667 3.2667 0.6 15 0.6 11.2667 3.2667 0.0667 6.2308
p-value 0.0707 0.0833 0.0045 0.0707 0.4386 0.0707 0.1967 0.0201 0.0707 0.0707 0.4386 0.0001 0.4386 0.0008 0.0707 0.7963 0.0126
CBC to PDC Species Decrease:Increase 15:0 14:1 11:4 13:2 12:3 11:4 14:1 11:4 6:7 13:2 9:6 10:5 9:6 10:5 11:4 11:4 4:11 10:5
Pearson's chi-squared (χ2) 15 11.2667 3.2667 8.0667 5.4 3.2667 11.2667 3.2667 0.0769 8.0667 0.6 1.6667 0.6 1.6667 3.2667 3.2667 3.2667 1.6667
p-value 0.0001 0.0008 0.0707 0.0045 0.0201 0.0707 0.0008 0.0707 0.7815 0.0045 0.4386 0.1967 0.4386 0.1967 0.0707 0.0707 0.0707 0.1967
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Table 4: The Average Change in the Proportion of Landbirds
Observed from November to December and from December to
February on Block Island, Rhode Island (1995-2013)
VDC - CBC CBC - PDC
Decrease Increase p-value Decrease Increase p-value
LANDBIRDS 35 22 0.08 35 11 0.00
MIGRANTS 4 1 0.17 8 1 0.01
HALF-HARDIES 3 4 0.70 6 1 0.05
WINTER RESIDENTS 6 9 0.44 11 4 0.07
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Table 5: Changes in Landbird Abundance (individuals per foot mile) between November and December (1996-2012) and between December and February (1995-2013)
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average SD
LANDBIRDS VDC to CBC Average Change in Density -0.11 0.61 -0.04 -1.24 0.07 -0.23 0.09 -0.48 -0.10 -0.49 -0.53 0.15 -0.16 -0.02 -0.08 -0.11 -0.13 -0.17 0.37
Average Percent Change in Density -5.12% 47.79% 3.01% -38.10% 6.61% -14.87% 33.91% -49.79% 10.50% -36.02% -28.04% 21.04% -12.42% 9.78% -13.80% -10.50% -14.02% -5.30% 0.25
CBC to PDC Average Change in Density -0.54 -0.21 -0.83 0.01 0.02 -0.65 -0.42 -0.22 0.00 -0.12 -0.04 0.15 -0.26 0.04 -0.06 0.11 0.05 0.03 -0.16 0.27
Average Percent Change in Density -28.32% -12.03% -27.59% -4.71% 2.26% -25.19% -23.31% -9.00% -2.31% -6.90% -4.59% 62.37% -12.95% 70.12% -15.35% 12.19% 12.94% 16.12% 0.21% 0.27
MIGRANTS VDC to CBC Average Change in Density -0.02 -0.01 -0.01 -0.08 -0.07 -0.03 0.00 -0.11 -0.02 -0.25 -0.05 -0.10 -0.03 -0.02 -0.05 -0.01 -0.05 -0.05 0.06
Average Percent Change in Density -19.48% 7.01% -18.80% -48.73% -4.55% -41.20% -18.22% -75.32% 37.71% -58.19% -33.60% -7.40% -27.01% -22.86% -14.56% -24.00% -37.22% -23.91% 0.25
CBC to PDC Average Change in Density -0.03 -0.01 -0.03 -0.03 -0.01 -0.01 0.00 -0.01 0.00 -0.04 0.02 -0.02 -0.01 -0.02 0.01 -0.01 0.00 0.00 -0.01 0.01
Average Percent Change in Density -14.94% -12.00% -23.51% -20.31% -7.53% -11.33% -10.96% -8.00% -12.00% -16.00% -20.00% -22.16% -9.44% -11.09% -16.00% -14.18% -4.00% -12.00% -13.64% 0.05
HALF-HARDIES VDC to CBC Average Change in Density 0.04 0.03 0.06 -0.24 0.32 -0.07 0.16 -0.29 0.01 -0.35 -0.21 0.10 0.00 0.08 -0.02 -0.02 -0.02 -0.03 0.16
Average Percent Change in Density 17.21% 11.24% 20.77% -21.82% 132.43% -11.00% 89.83% -50.31% -4.46% -25.56% -12.95% 96.42% 18.21% 55.22% 11.27% 3.30% 72.84% 23.68% 0.48
CBC to PDC Average Change in Density -0.12 -0.13 -0.10 -0.03 -0.01 -0.53 -0.17 -0.18 -0.09 -0.11 -0.07 0.00 -0.14 -0.13 -0.08 0.01 -0.06 -0.13 -0.12 0.11
Average Percent Change in Density -34.98% -52.17% -48.74% -3.40% -10.23% -72.43% -46.71% -60.08% 5.65% -28.57% -4.02% 121.47% -46.10% -33.35% -44.97% 74.17% -24.57% -56.90% -20.33% 0.47
WINTER RESIDENTS VDC to CBC Average Change in Density -0.52 4.18 -0.19 -4.65 0.78 0.11 0.53 -2.55 0.18 -1.34 -3.04 1.47 -1.12 -0.08 0.12 -0.52 -0.25 -0.41 1.86
Average Percent Change in Density 13.56% 107.42% 45.82% -36.31% 41.11% 2.49% 53.78% -31.08% 22.20% -20.12% -37.95% 55.67% -5.89% 68.89% 20.52% 35.14% -8.40% 19.23% 0.39
CBC to PDC Average Change in Density -3.24 -1.27 -4.90 0.25 0.12 -4.05 -2.71 -1.39 0.09 -0.73 -0.28 1.08 -1.65 0.71 -0.37 0.50 0.38 0.47 -0.94 1.69
Average Percent Change in Density -47.42% -14.04% -39.25% 53.07% 15.31% -44.94% 1.96% 2.87% 21.31% 25.73% 44.81% 370.47% -10.39% 579.64% -7.51% 98.44% 87.06% 116.95% 69.67% 1.54
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Table 6: Changes in Landbird Abundance (individuals per foot mile) between November and
December (1996-2012) and between December and February (1995-2013)
Average Change in Density SD Average Percent Change in Density SD
VDC to CBC LANDBIRDS -0.17 0.37 -5.30% 0.25
MIGRANTS -0.05 0.06 -23.91% 0.25
HALF-HARDIES -0.03 0.16 23.68% 0.48
WINTER RESIDENTS -0.41 1.86 19.23% 0.39
CBC to PDC LANDBIRDS -0.16 0.27 0.21% 0.27
MIGRANTS -0.01 0.01 -13.64% 0.05
HALF-HARDIES -0.12 0.11 -20.33% 0.47




Table 7: Shapiro-Wilk Normality Test for the
Changes in the Observed Number of Landbirds
between November and December (1996-2012)
and between December and February (1995-2013)
VDC - CBC CBC - PDC
W p-value W p-value
LANDBIRDS 0.8827 0.04 0.8669 0.02
MIGRANTS 0.7427 0.00 0.9549 0.51
HALF-HARDIES 0.9444 0.37 0.7138 0.00
WINTER RESIDENTS 0.9307 0.22 0.8819 0.03
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Table 8: Changes in Landbird Abundance (individuals per foot mile) between November and December (1996-2012) and between December and February
(1995-2013)
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Average SD
LANDBIRDS VDC to CBC Student's t-statistic 0.79 -1.40 0.26 3.10 -0.38 1.47 -0.60 2.82 0.96 3.37 2.70 -1.48 1.47 0.21 0.94 1.23 2.29 1.04 1.45
p-value 0.430 0.165 0.792 0.003 0.705 0.145 0.548 0.006 0.339 0.001 0.008 0.141 0.145 0.832 0.351 0.223 0.024 0.29 0.28
Pearson's chi-squared (χ2) 1.93 2.24 0.00 85.39 0.02 4.28 0.45 21.19 0.07 4.27 19.54 1.34 5.60 5.00 0.22 8.07 1.79 1.59 19.94
p-value 0.165 0.135 0.996 0.000 0.892 0.039 0.501 0.000 0.789 0.039 0.000 0.247 0.018 0.025 0.641 0.005 0.181 0.21 0.34
CBC to PDC Student's t-statistic 2.47 2.59 1.93 -0.04 -0.37 3.29 2.40 1.59 -0.04 1.44 0.50 -2.72 2.24 -0.49 1.24 -0.98 -0.66 -0.43 0.77 1.55
p-value 0.015 0.011 0.056 0.967 0.709 0.001 0.018 0.114 0.969 0.153 0.617 0.008 0.027 0.624 0.219 0.330 0.508 0.668 0.33 0.34
Pearson's chi-squared (χ2) 12.65 9.52 9.29 0.45 1.62 18.78 5.37 2.06 0.50 2.10 6.36 0.47 3.74 0.38 5.71 0.11 0.98 2.87 2.19 4.97
p-value 0.000 0.002 0.002 0.501 0.204 0.000 0.021 0.151 0.479 0.147 0.012 0.494 0.053 0.538 0.017 0.740 0.322 0.090 0.14 0.23
MIGRANTS VDC to CBC Student's t-statistic 1.89 0.60 0.33 2.58 1.85 2.61 0.33 3.04 0.57 1.37 2.10 1.01 1.03 2.12 1.19 1.85 1.88 1.55 0.80
p-value 0.071 0.557 0.744 0.016 0.077 0.016 0.744 0.006 0.577 0.046 0.321 0.314 0.044 0.247 0.076 0.073 0.005 0.23 0.26
Pearson's chi-squared (χ2) 0.28 0.30 0.02 1.82 1.71 0.65 0.04 3.71 0.06 5.83 0.41 3.28 0.60 0.36 0.68 0.40 1.32 0.91 1.56
p-value 0.598 0.584 0.888 0.177 0.191 0.419 0.842 0.054 0.811 0.016 0.523 0.070 0.439 0.549 0.409 0.527 0.250 0.34 0.27
CBC to PDC Wilcoxon's V 10.00 6.00 35.00 21.00 6.00 15.00 10.00 5.00 6.00 10.00 19.00 28.00 6.00 11.00 11.00 10.00 1.00 7.00 12.06 8.44
p-value 0.098 0.181 0.021 0.036 0.181 0.400 0.588 0.423 0.854 0.100 0.944 0.181 0.181 0.419 1.000 0.089 1.000 0.581 0.40 0.34
Pearson's chi-squared (χ2) 0.48 0.20 0.19 0.64 0.10 0.07 0.03 0.40 0.10 1.20 0.07 0.80 0.10 0.36 0.02 0.11 0.00 0.10 0.20 0.31
p-value 0.490 0.655 0.661 0.424 0.752 0.796 0.855 0.527 0.752 0.273 0.793 0.370 0.752 0.550 0.888 0.735 1.000 0.752 0.65 0.19
HALF-HARDIES VDC to CBC Wilcoxon's V 8.00 9.00 5.00 25.00 5.00 23.00 2.00 30.00 12.00 26.00 25.00 7.00 15.00 4.00 21.00 14.00 20.00 14.76 8.81
p-value 0.353 0.447 0.151 0.076 0.078 0.547 0.052 0.109 0.800 0.313 0.076 0.148 0.726 0.055 0.742 0.624 0.844 0.36 0.29
Pearson's chi-squared (χ2) 0.25 0.01 0.09 1.20 0.72 0.13 0.34 1.07 0.02 0.18 0.67 0.17 0.03 0.75 0.00 0.16 0.01 0.01 0.38
p-value 0.620 0.908 0.761 0.273 0.396 0.720 0.558 0.301 0.876 0.669 0.414 0.683 0.874 0.385 0.959 0.689 0.924 0.93 0.22
CBC to PDC Student's t-statistic 2.21 2.29 3.02 0.52 0.56 2.35 2.36 3.36 1.40 1.97 1.02 0.10 3.00 2.83 2.22 -0.20 1.53 3.82 1.91 1.12
p-value 0.062 0.056 0.020 0.616 0.593 0.051 0.051 0.012 0.205 0.090 0.342 0.923 0.020 0.025 0.062 0.850 0.171 0.007 0.23 0.29
Pearson's chi-squared (χ2) 0.26 0.83 0.11 0.05 0.04 2.73 0.49 0.58 0.14 0.51 0.56 0.15 0.35 0.30 0.63 0.03 0.09 0.31 0.34 0.60
p-value 0.608 0.361 0.742 0.831 0.836 0.099 0.484 0.448 0.709 0.473 0.453 0.700 0.554 0.584 0.429 0.873 0.761 0.576 0.56 0.19
WINTER RESIDENTS VDC to CBC Wilcoxon's V 67.00 31.00 42.00 117.00 27.00 46.00 44.00 103.00 36.00 102.00 110.00 0.00 81.00 33.00 44.00 74.00 72.00 60.53 32.59
p-value 0.720 0.107 0.330 0.000 0.064 0.454 0.389 0.012 0.188 0.015 0.003 0.000 0.252 0.135 0.389 0.454 0.525 0.24 0.22
Pearson's chi-squared (χ2) 2.24 3.90 0.02 32.93 0.06 0.05 0.64 12.15 0.64 0.05 13.02 4.06 5.69 5.04 1.94 5.56 0.15 0.14 7.95
p-value 0.135 0.048 0.897 0.000 0.808 0.818 0.425 0.000 0.422 0.827 0.000 0.044 0.017 0.025 0.163 0.018 0.696 0.71 0.34
CBC to PDC Student's t-statistic 2.33 2.49 1.68 -0.20 -0.31 3.76 2.45 1.44 -0.14 1.20 0.42 -3.65 2.15 -1.25 1.14 -0.64 -0.72 -0.83 0.63 1.73
p-value 0.035 0.026 0.116 0.841 0.765 0.002 0.028 0.173 0.892 0.250 0.678 0.003 0.049 0.231 0.274 0.531 0.484 0.419 0.32 0.30
Pearson's chi-squared (χ2) 10.34 7.32 5.60 0.20 1.57 14.48 4.10 1.43 0.61 1.51 5.77 0.22 2.87 1.56 5.04 0.42 1.13 4.01 1.49 3.76
p-value 0.001 0.007 0.018 0.657 0.210 0.000 0.043 0.232 0.435 0.219 0.016 0.639 0.090 0.212 0.025 0.517 0.287 0.045 0.22 0.22
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Table 9: The Predictive Power of November's Landbird Abundance on the December
Counts (1996-2012) and December's Abundance on the February Counts (1995-2013)
VDC to CBC CBC to PDC
Pearson's r R-squared p-value Pearson's r R-squared p-value
LANDBIRDS 0.951 0.904 <2e-16 0.978 0.955 <2e-16
MIGRANTS 0.575 0.302 0.003 0.938 0.875 4.41E-12
Eastern Phoebe 0.038 0.0651 0.884 0.063 0.0625 0.812
Blue-headed Vireo NA NA NA NA NA NA
Tree Swallow 0.019 0.06627 0.942 NA NA NA
House Wren 0.728 0.4981 0.001 0.130 0.04876 0.620
Ruby-crowned Kinglet 0.133 0.04782 0.611 0.322 0.04414 0.207
American Pipit 0.300 0.02942 0.242 0.198 0.02471 0.445
Nashville Warbler NA NA NA NA NA NA
Northern Parula NA NA NA NA NA NA
Cape May Warbler 0.376 0.0843 0.137 NA NA NA
Black-throated Blue Warbler NA NA NA NA NA NA
Pine Warbler 0.162 0.03854 0.534 NA NA NA
Prairie Warbler 0.126 0.04982 0.631 NA NA NA
Palm Warbler 0.287 0.0214 0.264 NA NA NA
Blackpoll Warbler NA NA NA NA NA NA
Chipping Sparrow 0.111 0.05347 0.671 NA NA NA
Vesper Sparrow NA NA NA NA NA NA
Lark Sparrow NA NA NA NA NA NA
Savannah Sparrow 0.154 0.04126 0.554 0.156 0.04068 0.550
Seaside Sparrow NA NA NA NA NA NA
Lincoln's Sparrow 0.156 0.04059 0.549 NA NA NA
Rose-breasted Grosbeak NA NA NA NA NA NA
Indigo Bunting NA NA NA NA NA NA
Dickcissel 0.134 0.04754 0.608 NA NA NA
Eastern Meadowlark 0.139 0.04604 0.595 0.191 0.02792 0.464
Rusty Blackbird 0.043 0.06469 0.870 0.116 0.05238 0.658
HALF-HARDIES 0.860 0.697 0.006 0.961 0.910 0.000
Winter Wren 0.825 0.6591 4.61E-05 0.648 0.3814 0.005
Marsh Wren 0.678 0.4236 0.003 0.464 0.1627 0.061
Hermit Thrush 0.171 0.03545 0.512 0.607 0.3263 0.010
Gray Catbird 0.778 0.5784 0.000 0.837 0.6805 2.80E-05
Eastern Towhee 0.601 0.3187 0.011 0.124 0.05034 0.636
Fox Sparrow 0.083 0.05933 0.752 0.425 0.1264 0.089
Swamp Sparrow 0.379 0.08616 0.134 0.100 0.05609 0.704
White-crowned Sparrow 0.356 0.06886 0.160 0.843 0.6911 2.16E-05
WINTER RESIDENTS 0.928 0.850 6.43E-07 0.966 0.928 5.30E-09
Mourning Dove 0.194 0.02637 0.455 0.198 0.02499 0.447
Northern Flicker 0.700 0.4565 0.002 0.742 0.5202 0.001
American Crow 0.235 0.007613 0.363 0.424 0.1249 0.090
Black-capped Chickadee 0.481 0.1803 0.051 0.482 0.1811 0.050
Carolina Wren 0.616 0.3382 0.008 0.648 0.3819 0.005
American Robin 0.094 0.05729 0.720 0.846 0.6975 0.000
Northern Mockingbird 0.632 0.3596 0.006 0.665 0.4056 0.004
European Starling 0.273 0.01294 0.289 0.270 0.01117 0.294
Yellow-rumped Warbler 0.871 0.7421 0.000 0.894 0.7863 1.30E-06
Song Sparrow 0.180 0.03227 0.490 0.154 0.04126 0.554
White-throated Sparrow 0.743 0.5222 0.001 0.676 0.4202 0.003
Northern Cardinal 0.657 0.3941 0.004 0.676 0.4206 0.003
Red-winged Blackbird 0.188 0.02882 0.469 0.055 0.06345 0.834
House Finch 0.149 0.04307 0.569 0.281 0.01773 0.274
House Sparrow 0.455 0.154 0.067 0.420 0.1217 0.093
128
Table 10: Categorical Trajectories Based on Standardized Mean Effort-
Adjusted Densities (1996-2013)
Count Average Trajectory
Landbird Density VDC 125.3 1.18
CBC 106.1 1.00
PDC 85.6 0.81
Migrant Density VDC 2.2 3.67
CBC 0.6 1.00
PDC 0.2 0.33
Half-Hardy Density VDC 2.9 1.07
CBC 2.7 1.00
PDC 1.5 0.56




Table 11: Categorical Trajectories Based on
Standardized Mean Effort-Adjusted Densities
(1996-2013)
TRAJECTORY NOV DEC FEB
LANDBIRDS D 1.18 1.00 0.81
MIGRANTS H 3.67 1.00 0.33
Eastern Phoebe H 0.0235 0.0012 0.0016
Blue-headed Vireo H 0.0094 0.0000 0.0000
Tree Swallow H 0.3062 0.0527 0.0000
House Wren H 0.0147 0.0112 0.0012
Ruby-crowned Kinglet H 0.2554 0.0525 0.0103
American Pipit H 0.4438 0.0756 0.0443
Nashville Warbler H 0.0045 0.0000 0.0000
Northern Parula H 0.0028 0.0000 0.0000
Cape May Warbler H 0.0057 0.0011 0.0000
Black-throated Blue Warbler H 0.0052 0.0000 0.0000
Pine Warbler H 0.0312 0.0016 0.0000
Prairie Warbler H 0.0070 0.0016 0.0000
Palm Warbler H 0.1826 0.0194 0.0000
Blackpoll Warbler H 0.0183 0.0000 0.0000
Chipping Sparrow H 0.1046 0.0012 0.0000
Vesper Sparrow H 0.0071 0.0000 0.0000
Lark Sparrow H 0.0016 0.0000 0.0000
Savannah Sparrow H 0.2108 0.0486 0.0144
Seaside Sparrow H 0.0023 0.0000 0.0000
Lincoln's Sparrow H 0.0046 0.0031 0.0000
Rose-breasted Grosbeak H 0.0037 0.0000 0.0000
Indigo Bunting H 0.0045 0.0000 0.0000
Dickcissel H 0.0073 0.0015 0.0000
Eastern Meadowlark C 0.0905 0.1662 0.0930
Rusty Blackbird H 0.0236 0.0094 0.0115
HALF-HARDIES E 1.07 1.00 0.56
Winter Wren H 0.1462 0.1233 0.0633
Marsh Wren E 0.0219 0.0332 0.0056
Hermit Thrush E 0.4159 0.4061 0.1664
Gray Catbird E 0.6105 0.6421 0.3759
Eastern Towhee E 0.2427 0.3183 0.2317
Fox Sparrow E 0.0758 0.1511 0.1037
Swamp Sparrow H 0.6516 0.3307 0.1494
White-crowned Sparrow H 0.0827 0.0333 0.0193
WINTER RESIDENTS D 1.05 1.00 0.83
Mourning Dove D 2.1488 2.2090 1.9412
Northern Flicker E 1.6283 1.4837 0.6592
American Crow D 5.9207 5.7806 4.7434
Black-capped Chickadee B 2.9627 3.4573 3.4079
Carolina Wren D 3.1235 2.9995 2.5492
American Robin G 11.2125 5.6998 4.9491
Northern Mockingbird B 0.5376 0.6703 0.4880 Trajectories:
European Starling E 17.4106 16.9305 10.1753 A = increase/increase
Yellow-rumped Warbler C 12.5318 15.9915 12.3734 B = increase/stasis
Song Sparrow E 7.3548 6.1699 4.5126 C = increase/decrease
White-throated Sparrow E 6.1846 5.9386 4.1557 D = stasis/stasis
Northern Cardinal B 1.7686 2.1624 2.2058 E = stasis/decrease
Red-winged Blackbird F 2.8590 0.3171 1.4047 F = decrease/increase
House Finch A 1.0689 1.6027 2.0890 G = decrease/stasis
House Sparrow A 2.2661 3.1606 4.7527 H = decrease/decrease
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Table 12: Stable Isotope Analysis for Hermit Thursh and Gray
Catbirds Wintering in the New York City Region
HERMIT THRUSH
AGE WING CHORD (mm) FAT BODY MASS (g) %H
normalized δ2H 
vs. VSMOW
SY 90 1 33.4 5.58 -56.12
SY 88 2 30.0 7.90 -66.92
SY 92 2 31.2 5.00 -70.69
SY 95 2 31.5 5.27 -79.95
SY 88 2 34.1 4.95 -113.00
SY 95 2 34.9 5.55 -89.54
SY 93 2 34.0 5.06 -77.25
SY 89 2 30.5 4.93 -73.52
AHY 94 1 32.9 5.76 -88.81
HY 87 0 31.5 5.64 -62.11
HY 92 0 34.7 5.74 -89.33
SY 90 1 38.2 5.72 -82.12
SY 94 0 34.0 5.02 -98.09
ASY 90 2 28.5 5.48 -96.63
ASY 91 2 29.7 5.54 -33.37
AVG 91.2 1.4 32.61 5.54 -78.50
GRAY CATBIRD
AGE WING CHORD (mm) FAT BODY MASS (g) %H
normalized δ2H 
vs. VSMOW
SY 89 3 35.0 4.94 -63.33
SY 87 1 33.0 5.64 -67.82
ASY 90 1 36.2 5.23 -60.31
ASY 94 1 37.7 5.15 -74.40
ASY 92 1 38.0 5.54 -56.21
ASY 91 2 36.9 5.72 -71.04
ASY 90 4 42.2 5.68 -75.35
SY 90 2 35.0 5.72 -81.17
ASY 91 1 33.5 6.01 -97.15
ASY 92 4 44.5 5.75 -59.58
SY 89 1 36.7 5.84 -75.28
SY 88 0 35.6 5.69 -53.84
ASY 91 2 37.4 5.81 -68.72
SY 89 1 33.7 5.78 -71.24
SY 88 2 37.3 5.36 -66.30
ASY 90 0 33.8 5.46 -68.22
ASY 88 0 36.0 5.90 -67.87
SY 89 0 34.5 6.00 -74.53
SY 86 0 38.7 5.67 -72.80
ASY 91 0 35.7 5.65 -77.07
ASY 88 0 39.4 5.89 -75.74
ASY 91 0 34.7 5.85 -69.63
SY 88 0 37.5 5.97 -64.23
ASY 90 0 38.0 5.66 -56.62
ASY 90 0 34.7 5.87 -70.67
ASY 84 0 34.5 5.89 -38.63
ASY 89 0 38.7 6.01 -21.30
ASY 86 0 38.2 5.78 -62.88
ASY 87 0 35.2 5.77 -73.89
AHY 90 0 37.5 5.60 -63.05
ASY 90 0 33.3 5.80 -76.15
SY 85 0 34.2 5.69 -79.27
ASY 88 0 38.3 5.87 -66.99
ASY 82 0 35.2 5.68 -71.94
SY 85 0 35.2 5.80 -73.20
ASY 90 0 38.6 5.70 -63.23
HY 89 1 36.2 6.14 -72.42
SY 85 0 33.3 5.76 -69.75
SY 85 0 39.1 5.82 -64.14
HY 90 1 32.1 5.77 -72.86
HY 86 0 33.8 5.24 -63.00
AHY 89 0 38.7 5.58 -65.22
HY 86 0 40.3 5.84 -66.23
HY 88 0 37.8 5.64 -63.82
HY 90 0 38.8 5.67 -66.55
HY 85 0 38.6 5.84 -62.21
HY 87 0 37.7 5.79 -65.05 AGE:
HY 88 0 37.6 5.54 -64.87 HY - Hatching Year
HY 89 0 37.9 6.34 -61.33 AHY - After Hatching Year
HY 91 0 33.6 5.87 -61.42 SY - Second Year
HY 85 0 39.1 5.68 -61.82 ASY - After Second Year
HY 89 0 41.3 5.94 -77.40 FAT:
HY 89 0 36.9 5.77 -79.62 0 - None
HY 88 0 38.9 5.80 -76.42 1 - Trace
HY 89 0 39.6 5.78 -62.60 2 - Light
HY 86 4 43.5 5.78 -71.24 3 - Half























Block Island Bird Counts
A) Categorical Standardized Trajectories






















Block island Bird Counts
B) Half-Hardy Species Standardized Trajectories





















































Block Island Bird Counts
C) Migrant Species Standardized Trajectories














































Block Island Bird Counts
D) Winter Resident Species Standardized Trajectories




































Block Island Bird Count
A) Half-Hardy Species Trajectories
A (increase/increase) and B (increase/stasis)























Block Island Bird Count
B) Half-Hardy Species Trajectory H
(decrease/decrease)





Figure 3: A) Contours of growing season average deuterium (δD) values in precipitation in North 
America used to link organisms to broad geographic origins. Filled circles represent the location
of sampling sites (Hobson and Wassenaar 1997).
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Figure 3: B) The Hydrogen Isotope Ratios of Storm Water.
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CHAPTER FOUR: THE VALUE AND THE VALIDITY OF THE CHRISTMAS BIRD COUNT
CASE STUDY: THE BLOCK ISLAND BIRD COUNT
ABSTRACT
Despite understandable criticisms, citizen science–based projects, play an important role in the
collection of information through which environmental trends and patterns emerge. The
Christmas Bird Count (CBC) is a prime example of a successful citizen science based project
that provides valuable information on historic and recent changes in the status and distribution of
birds during the early winter period in the United States and Canada. The statistical analysis of
CBC data are a powerful tool for the study of birds on a local level. I use CBC-style counts
conducted in November, December and February on Block Island, Rhode Island across eighteen
winters (1995 – 2013) to describe trends in observer efforts; observed population changes in
landbird species; and the effect of weather, particularly temperature and wind on the effort and
the results of the bird counts. Specifically I describe the correlations and linear relationships (or
lack thereof) between warmer temperatures and lighter winds with the number of observers and
foot miles covered; and the total number of landbirds observed as well as a subset of thicket-
dwelling birds. Furthermore, I compare the detection rates of the full set of landbird and the
subset of thicket-dwelling birds to an individual species, the Carolina Wren (Thryothorus
ludovicianus), a characteristic non-migratory winter resident. Although there was a strong
correlation between maximum wind speed and average wind speed on count day, and the number
of birds observed on that count, the loss of detections, i.e. the inability to detect birds at longer
distances as the wind increases was significantly relevant, however the difference in the
variations tend to even out. Statistical analyses of the CBC results are valid and valuable. Not
only can the results be used to cast an accurate and sometimes unanticipated light on the world of
birds and birders, but can be used without hesitation for documenting broad patterns of change in
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the winter distribution, abundance and diversity (both annual and long-term) of wintering bird
species.
INTRODUCTION
The value of employing volunteers from the general public, i.e. citizen scientists, to collect data
has been recognized for a long time, but there has been a recent surge in studies based on citizen
science. Projects that involve citizen scientists are burgeoning, particularly in ecology and the
environmental sciences, and there has been a growing focus on the use of citizen scientists to
collect long-term data (Brewer, 2002, Evans et al. 2005). Contributing to the growth of citizen
science is the increasing realization among professional scientists that the public represents a free
source of labor, skills, computational power and even finance. For research projects that require
many observers, such as studies designed to assess the status of local resources, establish
baseline ecological measures, or identify the impacts of various activities on environmental
quality, citizen scientists can be a remarkable resource (Ely 2000, Altizer, Hochachka and
Dhondt 2004). In many cases, lone professional scientists, lacking the necessary funding and
manpower, are unable to gather the broad-scaled yet detailed information that a cadre of citizen
scientists can.
The term citizen scientist is relatively recent, but hundreds of scientific papers have resulted
from the data collected in Christmas Bird Counts (CBCs) and other long-running volunteer
monitoring programs. With nearly 100 years of data, the CBC is a valuable source of information
on historic and recent changes in the status and distribution of birds during the early winter
period in the United States and Canada. There are few monitoring programs in North America
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that track bird populations at a continental scale during the winter, a critical stage of the life
cycle for many species. To date, only Christmas Bird Counts have been used to index bird
abundance in winter across North America. More than 50,000 observers now take part each year,
in close to 2,000 count circles spread across the U.S. and its territories, southern Canada, and,
increasingly, Latin America. Data collected in the CBC can be freely downloaded from the
Audubon website, which also provides tools for tabulating data on specific species and for
drawing graphs of how numbers have changed over time, adjusted for observer effort. According
to the National Audubon Society, nearly 350 scientific papers and reports using CBC data have
been published and are listed on the website and include studies of population dynamics,
community ecology, biogeography and census methods.
Despite the number of scientific papers based on CBC data, the value of volunteers to research
programs, and the potential benefits to both participants and the broader community, citizen
science–based projects have been criticized for lacking scientific rigor (Irwin, 1995). This is
partly due to the fact that while the number of publications using CBC data are impressive, a
scan of the total list on the CBC website reveals that a large proportion appeared in regional or
Audubon publications and in government reports. Of those papers published in leading scientific
journals, many focus on general spatial patterns and species richness rather than on quantitative
analyses of abundance or trend in population size. There are good reasons for that. From early
on, the CBC has been recognized as a valuable source of data, but analysis and interpretation are
limited by the fact that the program was neither intended nor designed for population monitoring.
The vast majority of scientists still consider volunteer-generated data to be much less rigorous
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and the margin of error significantly higher than that collected by professional scientists. The
CBC has been the subject of particular criticism (Sauer 2003), primarily because of two
sampling issues: variability of count effort within and among circles, and nonrandom distribution
of the circles (Dunn et al. 2005). Lack of randomly located survey sites is an issue with many
citizen science projects because sites tend to be clustered near population centers (where the
majority of participants live) or in ecologically rich areas (which participants are more interested
in surveying) and tend to be located near areas where large numbers of birds are concentrated
during that season of the year. These locations tend to be coastal, along the Great Lakes or other
large bodies of water, or at wildlife refuges and other similar areas that attract birds. Additional
concerns about the quality of data collected by citizen scientists include variability in the number
of participants, skill levels among volunteers, coverage of different habitats, underreporting of
negative results, use of attractive devices (e.g. bird feeders, noises such as "pishing") and the
impact of participants' biases on data quality (Irwin 1995).
Such criticisms are not unfounded. There can be variability in count effort and it is possible that
cold temperatures and strong winds not only keep the birds hiding but keep birders inside or not
out as much; and to the extent that those factors change systematically over time, they can bias
any estimates of population change based on Christmas Bird Count data. However, no other data
set provides such broad temporal and geographic coverage of North America's bird life. The
Christmas Bird Count has undoubted value for documenting broad patterns of change in winter
distribution, abundance and diversity (both annual and long-term). Although the number of
uncommon species detected on a given count is certain to increase with effort, rare species are
often scouted ahead of time, and the emphasis that most participants put on high species totals
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ensures that the distributional, presence-absence data in the CBC are very good.
The purpose of this study was to validate the CBC data as a reliable source for documenting
historic and recent patterns in the status and distribution of birds during the early winter period.
To that end, I described the trends in observer efforts; observed population changes in landbird
species; and the effect of weather, particularly temperature and wind on the bird counts.
Specifically I analyzed the correlations and linear relationships (or lack thereof) between warmer
temperatures and lighter winds with the number of observers and foot miles covered; and the
total number of landbirds observed as well as a subset of thicket-dwelling birds. Furthermore, I
compared the detection rates of the full set of landbirds and the subset of thicket-dwelling birds
to an individual species, the Carolina Wren, a characteristic non-migratory winter resident.
Both raw counts (landbird totals, unadjusted for effort) and the number of birds-per-mile
(landbird abundance) were used in the analyses, and the results were compared, in order to
determine the circumstances for which one method would be more useful and appropriate than
the other. Although prior studies have suggested that the effort-adjusted abundance are more
suitable for quantitative analyses of abundance, and for evaluating trends in population size,
analyses based on birds per unit effort implicitly assumes a linear relationship between effort and
counts, and as such can sometimes be seriously biased – potentially even more so than estimates
based on counts unadjusted for effort (Dunn et al. 2005). The comparison of both methods can
determine the value, validity and limitations of the CBC data.
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METHODS
In order to investigate the value of Christmas Bird Count data in local population monitoring, the
validity of the data from long-running local counts, and any limitations in data interpretation, this
paper used Block Island bird counts for a case study. Bracketing a long-standing CBC with
similar counts in November and February successfully created an ideal data set for use in
determining whether the proportions of birds present and counted was reliable, or widely varied
depending on amount of effort and the weather on count day.
According to Robbins (1981), the number of songbirds detected is generally inversely correlated
with wind speed, and counts of many species are correlated with temperature, but effects are
considered minor unless temperatures are extreme. Under marginal weather conditions, total
species observed may be nearly normal, whereas number of individuals observed is reduced, as
is the opportunity to record simultaneous registrations (Robbins 1981). Therefore it is important
to determine to what extent cold temperatures and strong winds limit the number of observers,
the number of foot-miles covered and the total number of birds counted.
In order to do that, the detection rates for the full set of landbirds was compared to a subset of
thicket-dwelling birds, as well as to an individual thicket-dwelling species, the Carolina Wren.
Block Island’s dense thickets rich in fruiting shrubs like Bayberry (Myrica pensylvanica),
Chokeberry (Arona arbutifolia), Winterberry (Ilex verticillata) and roses (Rosa spp.) present an
attractive refuge to species only marginally adapted to the winter environment of the New
England interior (Mitra and Raithel 2001), such as the Black-capped Chickadee, Hermit Thrush,
Northern Mockingbird, Gray Catbird, Yellow-rumped Warbler, Eastern Towhee, Song Sparrow
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and White-throated Sparrow. The Carolina Wren is a characteristic non-migratory winter resident
of Block Island’s thickets whose abundance throughout the winter provide a useful standard of
comparison for other species. It is abundant and widespread throughout the island; it is extremely
sedentary, so that changes in its abundance outside of the breeding season are unlikely to reflect
any factor other than mortality; and it is known to be relatively intolerant of severe winter
weather in the region (Veit and Petersen 1993).
The significant eighteen-year trends in: observer effort, i.e. the number of observers, the number
of foot hours, and the number of foot-miles covered; the weather on count days, i.e. minimum
temperature, maximum temperature, average wind speed and maximum wind speed; and the
landbird totals and effort-adjusted abundance for the full set of landbirds, the subset of thicket
dwellers and the Carolina Wren individually were determined (Table 1). The Pearson product-
moment correlation coefficient, a measure of the linear correlation (dependence) widely used in
the sciences as a measure of the strength of linear dependence between variables, was also used
to establish the correlation between observer efforts on the detection rates of landbirds, thicket
dwellers and the Carolina Wren (Table 2). I also determined the predictive power of temperature
and wind on total number of birds observed and effort-adjusted abundance, by applying a simple
linear regression model for each and then using the Akaike information criterion (AIC) to
calculate which was the best fit (Table 3). Both the unadjusted observed values and the number
of birds-per-mile were modeled for comparison purposes. That was done in order to establish
whether there was a linear relationship between effort and counts; if the effort-adjusted
abundance were more suitable for studying quantitative analyses of abundance or patterns in
population size; and the value, validity and limitations of the CBC data.
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Population and species trajectories from November to December and from December to
February were calculated for each species by creating a standardized abundance (Table 4). The
standardized abundance was the number of birds-per-mile counted in November and February
divided by the number of birds-per-mile recorded in December. This was done for each year and
every species within the full set of landbirds, as well as the thicket-dwelling species and the
Carolina Wren. A prior Block Island study showed that the Carolina Wren presents stable
abundance from November to December followed by approximately 50% decreases from
December to February (Mitra and Raithel 2001). Therefore, deviations from this trend are
significant and from which cause could be inferred.
Although the actual abundance of Carolina Wrens present in November and December of a given
year are nearly equal, the November and December estimates of abundance naturally tend to
differ. I used this opportunity to measure the influence of wind speed on detection. Wind is
believed to reduce detection rates by altering birds’ behavior and observers’ ability to detect
movements and call notes. The repeated counts of Carolina Wrens in November and December
on Block Island allowed me to quantify this effect, demonstrating that a large proportion of the
sampling variance in CBC-style counts can be explained by wind. I started with birds per foot-
mile for Carolina Wren, max wind, and average wind, for each count. I assumed that actual
number of Carolina Wrens on the island is the same, in a given year, between November of that
year and December of that year (negligible immigration, emigration, and mortality). I calculated
a new variable for each year's pair of November and December counts, which represents the
deviation of that year's November abundance value from the expected "real" abundance that
144
year, as represented by the mid-point of that year's November and December values. Thus, the
November abundance in that year minus the average of the November and December abundance
values for that year. (The deviation from expectation for December is identical to this but
opposite in sign.) The deviation of the November abundance from that season's expected value is
the independent variable that I think might be affected by wind speed on count day. The
dependent variable is the difference in wind speed between the two count days in each year. The
idea is that if both counts are calm or both are equally windy, detection efficiency will be similar
on the two counts; in contrast, if one count is much winder than the other, we would expect to
see a deviation from expectation. I plotted deviation from expectation in the November count as
a function of difference in wind speed between November and December.
RESULTS
The weather variables considered in this study were those recorded on count days and include
minimum temperature, maximum temperature, average wind speed and maximum wind speed.
The only weather variable exhibiting a significant trend on any of the three CBC-style counts
was maximum temperature on the Veteran’s Day Count. There was an upward trend in the
maximum temperature recorded on that count, which typically takes place during the second
week of November (slope=0.8, p-value=0.027). The increase in maximum temperature did not
have a corresponding effect on observer effort, or the number of landbirds observed. There was a
significant decline in the total number of landbirds (slope=-185.4, p-value=0.032), landbird
abundance (slope=-5.1, p-value=0.019) and thicket-dweller abundance (slope=-2.1, p-
value=0.008) (Table 1, Figure 1). There was a strong correlation between landbird totals and the
number of foot hours (Pearson’s r=0.69, p-value=0.002) and foot miles (Pearson’s r=0.69, p-
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value=0.002) on the VDC (Table 2).
Observer effort was divided into three variables: the number of observers, the number of foot
hours, and the number of foot-miles covered. The only count showing a significant trend in
observer effort was the actual Christmas Bird Count. The number of observers was on the
decline (slope=-0.6, p-value=3.2-5), and predictably so was the number of foot hours (slope=-1.2,
p-value=0.011), and foot miles (slope=-0.5, p-value=0.049) (Table 1, Figure 2). Although there
was a decreasing trend in the observer effort on the CBC, there was no related trend in the
landbird totals. There was however, a decline in the landbird abundance (slope=-88.8, p-
value=0.001), thicket-dweller abundance (slope=-4.7, p-value=3-4) and total number of Carolina
Wren (slope=0.2, p-value=8.12-4) observed (Table 1). Although both observer effort and the total
number of Carolina Wren decreased on the CBC over the eighteen years, there was actually a
negative correlation between the number of observers and Carolina Wren totals (Pearson’s r=-
0.47, p-value=0.049). There was a positive correlation between the observer effort variables and
landbird and thicket-dweller totals (Table 2).
In contrast to the above-mentioned CBC trends, the thicket-dweller totals (slope=4.1, p-value=
6.31-4) and Carolina Wren abundance (slope=0.8, p-value=12-3) on the CBC showed significant
increases (Table 1). A similar trend occurred for the Carolina Wren totals (slope=4.5, p-
value=0.005) and abundance (slope=0.2, p-value=7.97-4) on the PDC (Figure 2). In comparison,
the thicket dweller group declined in the number of birds observed (slope=-49.4, p-value=0.022)
and in abundance (slope=-1.8, p-value=0.008) on the PDC (Table 1). It is noteworthy that only
the landbird totals had a significant correlation (Pearson’s r=0.58, p-value=0.012) with effort on
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the February counts (Table 2).
In general, the weather on count day had no correlation with the number of birds observed. With
the exception of the correlation between maximum wind speed and the total number of thicket
dwellers observed on the CBC (Pearson’s r=0.48, p-value=0.046), there was no correlation
between bird quantities and the weather variables except on the Veteran’s Day Count (Table 3).
However, the results of the linear regression models indicate that minimum temperature and
wind speed can be used to predict the number of Carolina Wren counted and consequently the
number of Carolina Wren detected (Table 3). The number of foot miles covered and the
maximum wind speed on count day proved to be the best overall predictors for the number of
birds observed (Table 3).
A prior Block Island study showed that the Carolina Wren occurs stable abundance from
November to December followed by approximately 50% decreases from December to February
(Mitra and Raithel 2001). The results of this study concur that the Carolina Wren does present
stable abundance between November and December (1.04 birds-per-mile to 1.00 birds-per-mile),
however the average trajectory from December to February was (1.00 birds-per-mile to 0.88
birds-per-mile). Changes in birds-per-foot-mile >20% above (1.056 birds-per-mile) or below the
mean (0.704 birds-per-mile) were considered qualitatively meaningful, whereas those <20%
were considered unlikely to reflect any significant change in the population between counts.
There were four counts with unexpected large increases in the number of Carolina Wren: 1997,
2003, 2005 and 2012; and there were four counts with unusually large decreases in abundance of
147
Carolina Wren: 1996, 2000, 2004, 2009. The average trajectory of the thicket dweller group was
similar to that of the Carolina Wren, stability between November (0.95 birds-per-mile) and
December (1.00 birds-per-mile) with a declining trajectory in February (0.78 birds-per-mile).
Although the group witnessed significant declines between December and February for three out
of the four years that the Carolina Wren did (1996, 2000, and 2009), the years where there were
extraordinary increases varied (1998, 2004 and 2008) (Table 4). Pearson's product-moment
correlation indicated a strong negative correlation between the standardized trajectory value of
the Carolina Wren and the maximum wind (Pearson’s r=-0.54, p-value=0.026) and average wind
(Pearson’s r=-0.57, p-value=0.017) recorded on the PDC. However, the maximum wind speed
and average wind speed recorded on the PDC was only above average on one of the four
February counts (2009) that witnessed significant decreasing trajectories for both the Carolina
Wren and thicket-dweller group; and the minimum temperature that year was actually above the
eighteen-year average (29°F, (F°24=ݔ (Table 5).
In Figure Four, the y-axis shows the degree of difference between each year’s November and
December abundance estimates, and the x-axis shows the difference in maximum wind speed on
the two days. The results were nearly identical using average wind speed. There is a striking
pattern, consistent with predictions: to the extent that November is windier than December, the
November values are reduced below expectation, and to the extent that December is windier than
November, the December values are higher than expected.
DISCUSSION
The goal of this study was to describe trends in observer effort, as well as the observed
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populations of wintering landbird species, at multiple points in time over the winter and under
varying weather conditions. This was done to determine the effect of weather; particularly
temperature and wind on observer effort on count days, and on the number of birds observed.
There is a general consensus among birders that if it is particularly cold or windy, that the birds
just hunker down. The same could be said of the birders too. Cold temperatures and high winds
are believed to result in bird counts with few birds and limited volunteers. Very windy and rainy
conditions almost always decrease the number of birds detected on point counts (Robbins 1981).
The degree to which these conditions affect the counts will depend upon the species and habitats
surveyed. In some cases slight breezes can significantly depress the number of birds heard. In
open environments, lack of trees and their associated noises permit the collection of count data
under relatively heavy winds (Bystrak 1981). Verner (1985) has recommended that no surveys be
conducted with winds greater than 11 km/hour, during precipitation, and under foggy conditions.
Others have suggested limits between 12 and 20 km/hour (Anderson and Ohmart 1977, Robbins
1981). The results of this study find those recommendations to be particularly conservative.
Although there was a strong correlation between wind speed on count day and the number of
birds observed on that count, the loss of detections, i.e. the inability to detect birds at longer
distances as the wind increases is not significantly relevant and the difference in the variations
tended to even out. The only count showing a significant trend in observer effort was the actual
Christmas Bird Count; and the declining trend in effort did not correspond with equivalent trends
in the weather variables. There was no correlation between any of the weather variables on any
count and the amount of observer effort, indicating that the birders are not easily deterred, nor
are the birds. Only the total number of thicket dwellers observed showed a strong negative
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correlation with maximum wind speed on the Christmas Bird Count (Table 2) but that has not
prevented the increasing trend of the group from being observed (Table 1). Another indication
that the weather on count day is less important than commonly believed is that there was no
correlation between weather variables and observer effort or the observed number of birds on the
February count; the count that one would believe to be most affected by weather.
Although multiple studies have suggested that the effort-adjusted abundance are more suitable
for studying quantitative analyses of abundance or trends in population size, analyses based on
birds per unit effort implicitly assumes a linear relationship between effort and counts, and as
such can sometimes be seriously biased – potentially even more than estimates based on counts
unadjusted for effort. The results of this study did not find a strong linear relationship between
effort and count totals and as such, it was useful to compare the results of the model using raw
data with one using sample-standardized data. The count totals, i.e. the raw data, do reveal the
influence that the most abundant species have, and more common species will show higher
variances and will be given more emphasis. However since there was no linear relationship
between the effort and count totals, those totals do in fact provide a more accurate picture of the
winter bird community on Block Island. This was illustrated in Table 2 where most of the
significant correlations included the total number of birds observed and not the related
abundance.
These results support the Christmas Bird Count as a valuable source of information on historic
and recent changes in the status and distribution of birds during the early winter period in the
United States and Canada. The statistical analyses of CBC data are a powerful tool for the study
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of birds on a continental scale, though even at the local level, CBC data can cast a surprising
light on the world of birds and birders. The primary objective of the Christmas Bird Count is to
monitor the status and distribution of winter bird populations, and no other data set provides such
broad temporal and geographic coverage of North America's bird life.
Christmas Bird Count data can be used to accurately depict broad patterns of change in winter
distribution, abundance and diversity (both annual and long-term). Since birds are overall
indicators of the health of our environment, citizen science–based studies like the CBC can also
tell us a great deal about ourselves and our impact on local flora and fauna especially when
combined with that of other surveys such as the North American Breeding Bird Survey. Although
it is not possible to accurately count every last individual bird, by utilizing the large pool of
potential participants in urban areas and using the same methodology year after year, citizen
science–based studies can play an important role in collecting information through which trends
and patterns certainly emerge.
The breadth of data that can be collected by an organized group of citizen scientists allows
researchers to conduct studies that might otherwise be impossible: patterns of distribution and
abundance can be mapped on a large scale and surveys can be regularly repeated enabling
researchers to monitor changes in populations over time. Results from these studies can be
invaluable in identifying key areas of ecological importance within a city and tracking how
changes in land use and other environmental factors influence bird communities. As urban areas
expand, determining how populations of native wildlife can be sustained is becoming more
important. Data collected by citizen scientists can be a vital tool in helping meet this challenge.
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TABLES
Table 1: Significant 18-Year Trends for each Block
Island, Rhode Island Bird Count (1995 - 2013)
Count Variable Slope p-value
VDC Maximum Temperature 0.836 0.027
Landbird Total -185.400 0.033
Landbird Density -5.134 0.020
Thicket-Dweller Density -2.095 0.008
CBC Number of Observers -0.605 0.000
Number of Foot Hours -1.225 0.010
Number of Foot Miles -0.503 0.049
Landbird Density -88.830 0.001
Thicket-Dweller Total 4.085 0.001
Thicket-Dweller Density -4.706 0.000
Carolina Wren Total -2.116 0.056
Carolina Wren Density 0.202 0.001
PDC Thicket-Dweller Total -49.360 0.022
Thicket-Dweller Density -1.807 0.008
Carolina Wren Total 4.503 0.005
Carolina Wren Density 0.227 0.001
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Table 2: Significant Correlations between Variables for each
Block Island, Rhode Island Bird Count (1995 - 2013)
Count Variables Pearson's r p-value
VDC Foot Hours Landbird Total 0.700 0.002
Foot Hours Thicket Dweller Total 0.626 0.007
Foot Miles Landbird Total 0.698 0.002
Foot Miles Thicket Dweller Total 0.576 0.016
Minimum Wind Speed Thicket Dweller Total -0.506 0.038
Maximum Wind Speed Thicket Dweller Total -0.635 0.006
Average Wind Speed Thicket Dweller Total -0.500 0.041
Maximum Temperature Carolina Wren Total 0.629 0.007
Minimum Wind Speed Carolina Wren Total -0.551 0.022
Maximum Wind Speed Carolina Wren Total -0.553 0.021
Average Wind Speed Carolina Wren Total -0.629 0.007
Minimum Wind Speed Thicket Dweller Density -0.629 0.007
Maximum Wind Speed Thicket Dweller Density -0.601 0.011
Average Wind Speed Thicket Dweller Density -0.529 0.029
Maximum Temperature Carolina Wren Density 0.595 0.012
Minimum Wind Speed Carolina Wren Density -0.557 0.020
Average Wind Speed Carolina Wren Density -0.583 0.014
CBC Number of Observers Landbird Total 0.573 0.013
Number of Observers Thicket Dweller Total 0.492 0.038
Number of Observers Carolina Wren Total -0.471 0.049
Foot Hours Landbird Total 0.576 0.012
Foot Hours Thicket Dweller Total 0.585 0.011
Foot Miles Landbird Total 0.684 0.002
Foot Miles Thicket Dweller Total 0.722 0.001
Maximum Wind Speed Thicket Dweller Total -0.476 0.046
PDC Foot Hours Landbird Total 0.481 0.043




Table 3: The Best Predictor Model for the Number of Birds Observed on All Block Island, Rhode
Island Bird Counts (1995 - 2013)
COUNT FINAL MODEL AIC
Variable Observer Effort Wind on Count Day Temperature On Count Day
ALL Landbird Totals Foot Miles Maximum Wind Speed 903.759
Landbird Density Maximum Wind Speed 538.4846
Thicket Dweller Totals Foot Miles Average Wind Speed 805.2565
Thicket Dweller Density Maximum Wind Speed 439.5018
Carolina Wren Totals Foot Miles Average Wind Speed Minimum Temperature 537.589
Carolina Wren Density Average Wind Speed Minimum Temperature 191.9134
VDC Landbird Totals Foot Miles Maximum Wind Speed 297.07
Landbird Density Maximum Wind Speed 180.3985
Thicket Dweller Totals Foot Hours Maximum Wind Speed 255.9816
Thicket Dweller Density Minimum Wind Speed 140.9985
Carolina Wren Totals Foot Hours Maximum Wind Speed Maximum Temperature 172.4126
Carolina Wren Density Average Wind Speed Minimum Temperature 60.33539
CBC Landbird Totals Foot Miles Maximum Wind Speed 308.3353
Landbird Density Maximum Wind Speed 182.7107
Thicket Dweller Totals Foot Miles Maximum Wind Speed 275.8429
Thicket Dweller Density Maximum Wind Speed 149.5622
Carolina Wren Totals Maximum Wind Speed Maximum Temperature 186.569
Carolina Wren Density Minimum Wind Speed Minimum Temperature 68.97927
PDC Landbird Totals Foot Miles Average Wind Speed 292.7467
Landbird Density Average Wind Speed 169.7995
Thicket Dweller Totals Foot Miles Maximum Wind Speed 277.7198
Thicket Dweller Density Maximum Wind Speed 155.2708
Carolina Wren Totals Foot Hours Maximum Wind Speed Minimum Temperature 178.7974
Carolina Wren Density Average Wind Speed Minimum Temperature 60.33539
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Table 4: Categorical Trajectories Based on Standardized Mean Effort-Adjusted
Abundance (1996-2013)
YEAR VDC CBC PDC
LANDBIRDS 1996 0.82 1.00 0.62
1997 0.83 1.00 0.68
1998 1.00 1.00 0.93
1999 3.09 1.00 0.81
2000 1.01 1.00 0.58
2001 1.27 1.00 0.74
2002 1.10 1.00 0.81
2003 1.95 1.00 1.12
2004 1.04 1.00 0.81
2005 1.32 1.00 0.67
2006 1.86 1.00 0.89
2007 0.86 1.00 0.76
2008 1.38 1.00 1.09
2009 0.68 1.00 0.66
2010 0.94 1.00 0.95
2011 1.66 1.00 1.20
2012 1.24 1.00 1.30
Average 1.30 1.00 0.86
THICKET-DWELLERS 1996 0.48 1.00 0.57
1997 1.16 1.00 1.05
1998 0.98 1.00 1.10
1999 1.52 1.00 0.66
2000 0.76 1.00 0.53
2001 1.01 1.00 0.87
2002 0.69 1.00 0.63
2003 1.33 1.00 0.77
2004 0.73 1.00 0.99
2005 1.14 1.00 0.65
2006 0.99 1.00 0.74
2007 0.65 1.00 0.80
2008 1.56 1.00 1.03
2009 0.38 1.00 0.62
2010 0.60 1.00 0.72
2011 1.22 1.00 0.69
2012 0.96 1.00 0.85
Average 0.95 1.00 0.78
CAROLINA WREN 1996 0.47 1.00 0.50
1997 1.20 1.00 1.18
1998 0.90 1.00 0.97
1999 1.20 1.00 0.86
2000 0.98 1.00 0.53
2001 0.79 1.00 0.83
2002 1.24 1.00 0.90
2003 1.79 1.00 1.21
2004 0.57 1.00 0.42
2005 1.05 1.00 1.27
2006 1.30 1.00 0.93
2007 0.87 1.00 0.87
2008 1.84 1.00 0.87
2009 0.34 1.00 0.57
2010 0.64 1.00 0.96
2011 1.58 1.00 0.99
2012 0.93 1.00 1.13
Average 1.04 1.00 0.88
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Table 5: The Parameters of the President's Day Bird Counts on Block Island, Rhode Island (1996 - 2013)
Year Julian Date Number of Observers Foot Hours Foot Miles Minimum Temperature (°F) Maximum Temperature (°F) Minimum Wind Speed (mph) Maximum Wind Speed (mph) Average Wind Speed (mph)
1996 50 8 24.5 16 14 36 0 24 11
1997 49 8 24 20 30 44 14 30 22
1998 47 8 45 28.5 21 35 0 8 3
1999 46 8 30 28 19 35 6 14 11
2000 52 8 34.5 38.5 30 37 6 17 13
2001 50 8 55 42 28 37 4 29 15
2002 49 8 46 30 33 41 4 25 18
2003 60 8 42.8 32 23 39 0 14 4
2004 47 9 54 32 18 30 8 17 9
2005 50 8 28.5 23 14 28 10 15 12
2006 51 6 34 30 23 32 7 18 12
2007 55 17 35.5 29.5 17 35 7 24 16
2008 47 10 51.5 29 21 30 0 21 12
2009 52 8 35 27 29 33 10 30 20
2010 46 6 39.5 28 30 37 0 23 18
2011 52 6 30.25 24.5 24 32 0 16 7
2012 51 18 40.5 31 30 42 11 18 13
2013 56 5 27 18 29 40 2 13 7
Average 9 38 28 24 36 5 20 12
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Climate change may ultimately lead to the evolution of partial migration residency in
populations that at one time were exclusively migratory. I confirmed that several long-distance
migrant landbirds have rapidly adapted to recent climate change, supporting existing evidence on
the heritability of migratory behavior. These species adjusted their migration strategies, and
successfully shifted their non-breeding ranges to higher latitudes; and as such, their winter
populations are on the rise. Previous studies on migratory behavior in birds showed that traits
such as direction, timing, or amount of migratory activity might evolve quickly (Berthold and
Pulido 1994). Although there are possible alternatives, the lower migratory activity of northern
temperate breeding birds observed wintering in locations with increasing autumn and winter
temperatures can be explained by evolution of this trait. I demonstrated a correlation of selection
response between migratory activity and the abundance and distribution of migrants. The
selection for lower migratory activity will result in the evolution of residency in formerly
exclusively migratory populations of birds without the need for an introduction of residency
genes by mutation or gene flow.
However, under strong selection, this variation could result in rapid genetic changes. In most
populations of migratory species, a small number of individuals show very weak or no migratory
activity. If these individuals survive better because winters are mild, more will reproduce and
their number in the population will increase (Adriaensen and Dhondt 1990, Berthold 1998).
Additionally, assortative mating of individuals with similar migratory activity (Bearhopp et al.
2005) might enhance this increase, rapidly resulting in the species evolving from a migratory to
partially migratory or non-migratory population in the respective sites. These adaptations are
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likely to be reinforced by higher reproductive success because the migrants will be able to
occupy better breeding territories, breed earlier, and have a longer breeding season. Therefore,
my research supported the hypothesis that climate change will result in both changes in the
number of migratory species and the adaptation of migratory behavior.
Up until now, most studies on the response of organisms to climate change have reported
ecological effects such as range shifts (Parmesan 2006), but only little evidence for evolutionary
adaptation (Bradshaw and Holzapfel 2006). I demonstrated that adaptation to climate change,
affected bird communities on similar temporal scales. The regression analyses showed that
increasing autumn temperature was correlated with lower migratory activity; and average
minimum temperature could be used to predict the distributions of wintering landbirds.
Therefore, the distribution of wintering landbirds was limited by seasonal climatic constraints,
but the direction, timing, and amount of migratory activity can evolve quickly in response to
changes in those constraints.
The plasticity of migrant landbirds to changing environmental conditions will shape the direction
and magnitude of changes in a species’ climatic niche. However, the strength of the response
varies and will determine which populations will successfully expand their ranges northwards,
while those that cannot adapt are likely to suffer severe and sustained declines. In addition, those
northerly range shifts could eventually lead to the disappearance of more southerly populations
of the adaptive species, and could considerably transform winter bird communities for which the
species are newly a part.
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My findings indicated increased survivorship of most landbirds within the wintering landbird
communities, and survival probabilities for climate-restricted species at a given location will
likely increase under warming conditions. This will create higher within-winter stability (i.e.
lower probabilities of extinction and higher probabilities of colonization) in warmer
environments consistent with the predictions of climate-mediated range change. This is
significant, as these localized but widespread changes are occurring in an individualistic fashion
but over time will result in communities that are highly dynamic. The range shifts of migratory
landbirds are creating a larger proportion of migratory species in winter communities.
Simultaneously the species within the community have adapted to the local conditions and there
has been higher survival of non-migratory, resident species within the community, thus
increasing competition pressure at these sites. Consequently, winter communities’ can and will
continue to be restructured by changes in range distributions as climate change progresses.
Therefore, there is clearly a need for further broad-scale studies that develop individual species’
models, as well as detailed studies limited to focal regions and few taxa, that carefully estimate
as many factors as possible that are potentially driving range shifts, contractions and adaptions.
In addition to accelerated climate change, habitat transformations arising not from climate
change, but from land use practices is another potential cause of species’ shifting winter
distributions. There has been a sizeable increase in preferable habitats for many species; semi-
open areas with dense, low-growth, where shrubs and vines retain persistent fruit, such as
catbrier, bittersweet, honeysuckle, poison ivy and sumac (Root 1988), or well-stocked feeding
stations (Bull 1998). Potentially the increase in fragmented forests, early-successional habitats,
edge habitats and suburbia has created pastures, abandoned fields, and power line corridors,
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allowing certain landbirds to winter in areas never before suitable because these areas contain
many of the plant species that make up their winter diet.
Understanding the synergistic effects of weather and landscape context on localized behavior and
patterns of occupancy is critical to the basic understanding of the biological processes underlying
changes in migration behavior and range shifts, and has important ecological implications. To
better understand the effects of climate change on the evolution of species distributions, there
should be a greater appreciation for how local-scale behavior and geographical processes might
be affected by the same environmental factors. More realistic projections of the impact of
climate on species’ distributions will require a better understanding of the multi-scaled effects of
environmental drivers on biological processes.
Although, it is easier to evaluate alternative hypotheses when data collection is designed with
specific predictions in mind, citizen scientist based projects, such as the Christmas Bird Count,
significantly increase the geographic and temporal ranges of the data that can be collected. There
is a requirement for expertise in working with large, messy, spatial data sets and the need to
entertain competing, alternative hypotheses to make good use of citizen science data, the
surveillance of multiple species throughout a region has an important role to play (Dickinson et
al. 2010). It can indicate patterns and trends as the starting point for intensive, targeted
monitoring or theoretically driven research. As concerns about accelerated climate change and
environmental quality increase, citizen science projects, with their broad spatial and temporal
reach, are an increasingly important tool to explore changes in the phenology, relative
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